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Bondstrand is no ordinary 

plastic pipe: Made of tension-wound 
glass filaments, impregnated with 
chemical-resistant resin—either epoxy 
or polyester— it is strong as steel .. . 
yet only one-eighth the weight. 


THE PROBLEM THE LOCATION THE SOLUTION 


Carbon black slurry Synthetic Bondstrand installed 1959. 
destroyed schedule 40 Rubber No failure. Performance 
steel pipe in 30 days Plant still rated excellent 


Chlorine Dioxide water Paper Plant Bondstrand installed 
caused failure in 1958. Performance 
Stainless steel pipe still rated excellent 


10% Ferric Chloride Sewage Bondstrand installed 
solution destroyed ordinary Treatment 1958. Performance 
steel or stainless Plant still rated excellent 


Salt water well Petroleum Bondstrand installed 1958. 
injection at 1600 psi Production No failure. Performance 
still rated excellent 


Bondstrand’s total installed cost can be actually 
competitive with ordinary carbon steel pipe. Write for 
bulletin containing physical and design data. 
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AND LOSE DOLLARS 


When a possible saving based on the use of a “cheap” inhibitor 
is suggested, be sure you appraise the possible 
“savings” practicably. In the first place, you aren’t 
buying corrosion inhibitors,—you’re buying protection 
against corrosion damage. The maximum potential 
savings which might accrue from the few dollars 
saved by the purchase of a “cut-rate” inhibitor will 
never compensate for the over-all cost of a pulling job. 


The economy of corrosion control is based on just one factor, 
continuous, trouble-free production operations. The 


few dollars more or less spent for proved protection 
are, in fact, negligible when compared to the total 
cost of lifting the oil. 


Whatever you do, be sure you get all the facts. The Kontol field engineer 
in your area will be glad to arrange for suitable compar- 
ative tests, without cost or obligation. You can then 


base your inhibitor selection on facts and figures. 
KF-60-1R 
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before... 


HERE are several sets of typical before and after 
coupon test figures in wells now getting Visco 
Anti-Corrosion Treatment. Estimate the tons of well 
equipment metal saved by Visco Treatment, and you 
get an idea of the dollars saved in labor and replacement 
costs... 


Well Maximum Weight Loss—Mils/year 


Before Visco With Visco 
11.00* 0.02 
4.90 0.40 
8.10* 0.86 
7.50 0.08 
16.00* 1.30 


* These wells receiving ‘‘anti-corrosion’’ treatment. Replaced by Visco. 


1 mil=.001 inch. A corrosion rate of 216 mils per year means that the 
corrosive attack, if uniform, would have corroded away the entire 
surface of the metal to a depth of .216 inches in a year. However, the 
real danger of high corrosion rates, as the coupon shows, is the much 
deeper and faster penetration occurring at localized arecis. 
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: 


These are not super-success figures. Chances are high 
that Visco can equal or better these results in your wells. 
Phone, Houston, JAckson 8-2495, or write for positive 
Visco action today. 


VISCO PRODUCTS COMPANY | 


Incorporated 
1020 Holcombe Boulevard e@ Houston 25, Texas 
® . 
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‘ . is there such a thing? This 
si | question is covered in this month’s edito- 
1 on | age 7, considered as to certain data in the liter- 
ature in a reprinted article beginning on Page 34, and 
discussed pro and con under the “Letter’s to the Editor” 

at nning on Page 60, This is not by any means 
the whole ‘story on a-c Corrosion and there is every 
reason to hope that useful ‘data will be derived from 
—_ in the futures 





MIXED ACIDS AND ALKALIS in varying propor- 
tions and at temperatures to 120 F pose a formidable 
corrosion control problem. How one chlor-alkali plant 
solved the problem of disposing of its wastes is described 


beginning on Page 9. 


DESIGNERS AND CORROSION ENGINEERS 


should get together when a chemical processing plant is ~ 


being planned so that full weight can be given to cor- 
rosion control factors. A method is proposed whereby 
this can be done through the use of corrosion data 
sheets covering various classés of equipment, such as 
heat transfer units, pumps. Turn to Page 14. 


CHEMICAL PLANT corrosion control procedures can 
be made simpler, surer and produce greater savings 
using a system suggested in an article beginning on 
Page 19. A peripherally punched control card is shown 
on which essential information about each piece of 
equipment can be posted to eliminate guessing and long 
searches for correct specifications. Extensive tabulated 
data are given on stress corrosion cracking of commonly 
used metals, 


EXPLOSIONS CAUSED by corrosion damage are-re- 
viewed from the viewpoint of the insurance company 
in an article on Page 22. Basie insurance coverage on 
boilers is described and case histories are given of three 
major explosions attributed to corrosion damage. On 
Page 30 a report on an — - in a open acid 
tank is given. 


COOLING TOWERS in a nitrogen plant were treated - 


with a combination of sodium dichromate, phosphate 
and chlorophenates to reduce excessive corrosion rates. 
Turn to Page 24. 


CHLORIDES CONCENTRATED in some zones of a 
large nitric acid concentrator from waste products in a 
uranium refinery caused heavy corrosion damage. 
Ozone generated by electrical discharge and electrolytic 
cells are used to convert chlorides into chlorine. Exten- 
sive data on numerous corrosion resistant metals in this 
environment are given beginning on Page 26. 
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ALUMINUM can be used for ammonium nitrate stor- 
age, provided certain precautions are observed. Turn to 
Page 28. oe : 
= 

EPOXY ENCAPSULATED electric motor stators 
and field windings are-protected from corrosives in the 
environment. An illustrated feabarr on this development 
is on Page 37. 


CANS CONTAINING FOOD stored in some moist 
environments soon corrode to cause unsightly discolora- 
tion of labels. While contents are not affected, house- 
wives will refuse to buy containers whose labels are dis- 
colored in the belief the contents have been stored too 
long and are either not of best quality or dangerous, 
Soluble oil containing an inhibitor sprayed on tin plated 
cans’ exteriors improves their resistance to this damage. 
Turn to Page 75. 


HYDROGEN ABSORPTION by zirconium alloys cor- 
roding in high temperature water and steam can be re- 
duced by additions of iron, chromium or antimony. 
These substances may act as depolarizers in preventing 
hydrogen from penetrating the oxide layer. See Page 81. 


PLATINUM-LEAD bielectrodes for cathodic protec- 
tion are considered in a series of experiments involving 
the reactions of platinum and lead in chloride solutions. 
See Page 90. 


ALUMINUM ALLOYS’ behavior underground is re- — 
viewed in both test and experience data, Extensive tab- 


ulated data are in the article beginning on Page 97. 


CHLORIDE CORROSION and fouling in a catalytic 
reformer naphtha pretreater ‘nitiated studies to deter- 
mine the effect of pH and composition in the presence 
or absence of an air atmosphere. High temperature tests 
were conducted in a nitrogen atmosphere. See Page 105. 


HYDROGEN, that culprit common to many corrosive 
situations, is considered as to mechanism and kinetics 
in an article beginning on Page 109. The data relate 
to steel. 


WROUGHT ALUMINUM BRONZE was selectively 
attacked along the weld line and along the fins of a dry- 
ing drum. Many of the fins broke off after a year’s 
service. Laboratory tests reported in an article on Page 
116 established that dealuminization occurred only 
when chlorides were present in the crevices. 


GROUNDING PRACTICES at a large manufacturing 
plant are described in detail in an article beginning on 
Page 121 which also considers cathodic protection in- 
stallations at the plant. 
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Is There Such a Thing as A-C Corrosion? 


ROMPT AND NUMEROUS criticisms 
followed publication in August, 1960, 
Corrosion of an editorial titled “Beware of 
Ground Return Circuits in Electrification.” These 
came from engineers with long experience in 
corrosion control on power systems. Their argu- 
ments were supported by voluminous data of un- 
impeachable integrity. The criticism which was 
made with greatest emphasis was that drawing a 
parallel between the results of direct current and 
alternating current grounding was not proper and 
was not justified by the facts. There- was general 
agreement among critics on the following points: 
1. The editorial was in error in intimating 
that corrosion damage like that experienced from 
direct stray currents was possible from alternating 


stray currents. 

2. Alternating current does not and never has 
caused corrosion of grounded equipment. 

3. A general confession of error on these points 
should be made. 

There is little doubt that the editorial erred 
in not clearly distinguishing between the known 
effects of direct stray currents and the probable 
(and to a considerable degree unproved) effects 
of alternating stray currents. For this failure, 
forgiveness is asked. 

Not discounting the merits of the arguments 
against the proposition at all, there is, however, 
considerable evidence that: 

1. Corrosion damage does result from a-c 
grounding under some conditions. 

2. Alternating current does and will cause 
corrosion under some conditions. 

These contentions are supported in part by 
material included in this issue under the “Letters 
to the Editor” heading. These data, while cer- 
tainly not conclusive, show that NACE is not 
alone, nor the first to be concerned about the 
possibility of corrosion by alterrating currents. 
Data also show that in certain engineering fields 
there is a lively interest in the possibility of a-c 
corrosion and some indication that investigation 
is needed to ascertain the facts. 

If the basic problem can be stated simply, it 
is this: “Is the effect of alternating polarities on 
grounded metallic plant completely reversible?” 
Some data show effects are not wholly reversible. 

It is apparently true, for example, also that 
ferric oxide will rectify alternating currents 
although at very low efficiency. This must reiter- 
ate a basic premise of those contending against 
the probability of a-c corrosion that this proves 
that alternating current does not cause corrosion. 


Ts it not a fact, however, that the alternating 
currents had to be there before they could be 
rectified and that they were the primary cause 
of any corrosion resulting from this rectification? 

Arguments are advanced by critics to show that 
currents induced in a conductor parallel to a 
power transmission line can be easily and simply 
drained by proper grounding, provided, of course 
that the conductor is in contact with the environ- 
ment. Pipeline engineers point out, however, that 
in an increasing number of cases, underground 
conductors are more or less insulated from their 
environment and that grounding of the induced 
currents is neither simple nor inexpensive. There 
probably are numerous other cases where the 
circumstances are roughly similar. 

Power engineers cite the hundreds of thousands 
of miles of single phase circuits in this and other 
countries. They correctly point out that they have 
produced no discernible damage to adjacent un- 
derground plant, at least as far as published data 
and experience go. There is no basis for contend- 
ing this is not so or will not continue to be so in 
most cases. The same facts were true when street 
car systems were first installed. 

On the other hand, there is ample justification 
for an admonition against indiscriminate ground- 
ing of alternating current on the basis that it 
cannot and never will cause corrosion. Conceding 
that economics will dictate a solution in every case 
(and this is not peculiar to the electrical current 
grounding problem), it nevertheless is true that 
the desirability of providing metal return conduc- 
tor should not arbitrarily be dismissed without 
consideration, nor should it be assumed that the 
conditions which dictate ground return now in a 
specific case, always will remain the same, 
unchanged forever. 

It is a fact that the people of the world are 
becoming increasingly urban, and it is a fact that 
this urbanization already has progressed to a 
remarkable degree in the United States and that 
all forecasts point to a continuation. This concen- 
tration of populations in urban centers inevitably 
leads to interference problems with all kinds of 
electrical emanations. Anything that can be done 
now to prevent an accumulation of stray currents 
underground will be to the benefit of all in the 
future. We think some thought needs to be given 
to the possible damaging results of draining alter- 
nating current to ground. Some reasons for this 
opinion are given in this issue. We believe also 
that further investigation will show our concern 
to be well founded. 








Hot caustic can’t foil this coating 


A Glidden NU-PON COTE system was applied to foil and immersed in boiling 60% sodium 
hydroxide. The foil dissolved completely in a short time. The chemical resistant film was 
unharmed—and stayed that way! 


Glidden coatings must submit to a whole battery of grueling tests such as this, because 
Glidden experts have to be sure before they recommend a protective system. 

Glidden Protective Maintenance systems are designed to keep ships, marine installations, 
petroleum equipment, chemical plants, railroad rolling stock and industrial properties on the 
job under highly corrosive conditions. 


MAINTENANCE FINISHES DIVISION Write for your free copy of booklet 
The Glidden Company containing complete information on all 
900 Union Commerce Building Glidden Protective Maintenance coatings. 
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Figure 1—Sectional view of redesigned coupling 

to eliminate exposed threads. Compression ring 

in center was used to prevent formation of 
pockets for concentration of waste. 


Introduction 


LANTS PRODUCING large vol- 
umes of corrosive effluent are faced 
with significant problems in their dis- 
posal. Increasing populations and the 
growing use of surface water prevent 
effluent discharge in many cases into 
flowing streams even when extensively 
diluted. The problem of disposing of 
these effluents is handled in many ways 
including concentration, transportation to 
remote places for disposal in evaporative 
ponds and, to a growing extent, by pump- 
ing them into geological formations 
where their presence is not objectionable. 
This article relates some experience 
of the author’s company in finding a plas- 
tic material suited for such a disposal 
well and other tests with material of 
similar composition for line pipe handling 
various corrosive streams. 

In 1957, when plant chemical waste 
streams reached a volume and composi- 
tion that made it imperative to dispose of 
them in a relatively deep geologic forma- 
tion, an acid resistant tubing in a steel- 
cased well was selected for an initial 
test. The steel casing was to be pro- 
tected by filling the annular space be- 
tween tubing and casing with oil to pre- 
vent corrosive fluids from entering this 
space at the bottom of the casing. 

The search for a tubing with adequate 
tensile and compressive strength for the 
service led to glass reinforced, thermo- 
setting epoxy plastic tubing (designated 
as GRP tubing or pipe in this article). 
Lack of experience with the widely vary- 
ing conditions to which the tubing would 
be subjected dictated the use of 314-inch 
OD Grade A performance of this tubing 
and 4%-inch A and B. 

Successful performance of this tubing 
prompted the use of glass reinforced 
epoxy line pipe for corrosive fluids in 
production units. Details of successful 
and unsuccessful applications are de- 
scribed. Comparisons of the degree of 
success and length of service life are 
made between glass reinforced epoxy 
and other materials such as rigid, non- 
plasticized polyvinyl chloride (PVC) 
pipe and asbestos filled phenolic pipe. 

In general, the range of application of 
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glass reinforced epoxy to the pipe cor- 
rosion problems in a chlor-aikali plant is 
wide. Limitations described here are field 
determined and only partially substan- 
tiated by laboratory tests. 

Glass reinforced epoxy plastic pipe is 
built up as a centrifugal casting of therm- 
osetting epoxy resin reinforced with glass 
fabric braid in plies. Both pipe and tub- 
ing are furnished in random lengths from 
15 to 21 feet. Connecting systems are 
AST threaded and coupled, flanged 150 
psi and 600 psi or 600 psi cemented slip 
joints with plan end pipe. Threads, where 
furnished, are molded on finished pipe. 
Molded fittings are available in either 
threaded or slip joint style. 

Grades are determined by the ability 
to withstand stresses under specified 
temperature conditions. For the pipe with 
which the author is most familiar this 
variation in grade is a variation in the 
number of glass fabric plies as well as 
the wall thickness. There are three grades 
of pipe and two of tubing. See Table 1 
for descriptions and designations used 
herein. 


Chemical Wastes 

Beginning in December, 1957, a com- 
bined stream of chemical waste amount- 
ing to an average of 275 gpm was dis- 
posed of in a disposal well tubed with 
Grade A 3%4 inch OD well tubing. These 
wastes are collected in vitrified clay tile 
sewers. Flow proceeds through a settling 
basin with skimming weirs for solids 
removal. While variations in pH from 
1 to 9 in an eight hour period have been 
recorded they usually are on the acid 


(Continued on Page 10) 


TABLE 1—Description of Grades 
of Pipe and Tubing 


Designation Description 





PIPING 


Premium grade 
First grade 
Second grade 


TUBING 


Heavy service grade 
Standard grade 
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Abstract 


Use of glass reinforced epoxy disposal 
well tubing and line pipe in a chlor-alkali 
plant is described. Tubing was used in a 
well disposing of an average 275 gpm of 
corrosive wastes at about 120 F maximum 
including varying concentrations and 
portions of hydrochloric, acetic, sulfuric 
and other acids, sodium hydroxide, sodium 
chloride, sodium hypochlorite, benzene, 
chloroform, carbon tetrachloride and other 
corrosives. 


Line pipe was used to handle various 
concentrations of acids and fume scrub- 
— pw at temperatures from 60 to 
00 


Some difficulties with tubing were re- 
ported, attributed to improper joint de- 
sign, variations in curing and variations 
in epoxy formulation. Line pipe failures 
were found to result from inadequate 
mechanical support and_ defective joint- 
ing, among other probable causes. 

Author concludes the glass reinforced 
epoxy materials are satisfactory under 
conditions prevailing in his plant where 
other materials have failed. Some precau- 
tions concerning selection are given. 


6.6.8, 4.3.2, 4.3.3, 4.4.5 
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side. Aqueous solutions or suspensions 
of the chemicals listed in Table 2 are 
known to be present. 


Installation and Operation 


The first installation of 4150 feet of 
3Y% inch OD, Grade A, glass reinforced 
epoxy well tubing was completed in De- 
cember, 1957. The annulus charge was 
diesel fuel with gravity adjusted by the 
addition of carbon tetrachloride. Before 


special glass reinforced epoxy joint in a 
carbon steel “doughnut” sealed from the 
system by neoprene “O” rings. 

The well was returned to disposal 
service in late February, 1959. Flow rates 
had increased to approximately 400 gpm 
with acid material still predominating 
most of the time. Disposal of sulfuric 
acid on a batch basis was carefully con- 
trolled to limit concentration. Other 
wastes were disposed of without regard 
to rate or concentration. 


Damage Caused by Chlorophenols 
in Butt Gaps of Couplings 


the well was put into operation it was 
determined that the lower 3000 feet of 
tubing was separated from the string. 
This was indicated by the loss of annulus 
pressure and oil charge. The entire string 
was pulled and a defective joint removed. 
The epoxy resin in this one joint of tub- 
ing was soft and the glass reinforcing 
had parted. The tubing had not been 
subjected to chemical wastes. 

After this repair, the well was put in 
service and operated continuously from 
December, 1957, to January, 1959. Flow 
rates varied widely with a maximum of 
300 gpm reached occasionally. Annulus 
pressure varied from 35 to 300 psig. Free 
chlorine gas was vented from the annulus 
about 50 percent of the operating time. 
Tubing internal pressure at the well head 
varied from 5 to 25 inches of mercury 
vacuum. Average operating conditions 
were annulus pressure 35 psig, well head 
pressure 15 inches, Hg vacuum and flow 
rate 275 gpm. Fluid temperatures aver- 


aged 1209 F. 


Larger Tubing Substituted 


Increasing waste loads made it desir- 
able to install larger tubing in the well. 
Development of 44-inch glass reinforced 
epoxy tubing and the fact that the casing 
inside diameter would allow its use made 
it possible to replace the original tubing 
with the larger size. This was done in 
February, 1959. 

The 34-inch tubing string was pulled 
and inspected. Some internal corrosion 
of the tubing was found later as reported 
below. Glass fabric was exposed on the 
bottom joint not protected externally by 
the annulus oil. A gummy coating de- 
posited on the inside of the tubing varied 
in thickness from % inch on the first 
few joints to a very thin film on the 
bottom joints. New 4% inch OD glass 
reinforced epoxy tubing was assembled 
with 1400 feet of Grade B on the bottom 
and 2750 feet of Grade A on top, all 
supported by a 7-inch wellhead with a 








Coupling Failure 


No difficulty was experienced until the 
last week of July (after five months of 
service) when the tubing string parted 
at a point in the Grade A portion 1400 
feet below the wellhead. Inspection of 
the string revealed chemical attack and 
erosion of the exposed interior threads 
of the coupling between the tubing ends 
and, to a lesser degree, the exposed ends 
of the tubing. This lead to a more thor- 
ough inspection of the 3% inch tubing 
which had been removed earlier and this 
revealed the same type of attack and 
erosion, but much less severe than in the 
44 inch tubing. In both strings, attack 
was not detectable in the tubing itself. 

Redesigned couplings were devised to 
eliminate exposed threads. These were 
installed and the string was returned to 
service. Figure 1 illustrates this coupling 
which incorporates a compression ring 
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to ensure against the formation of 
pockets for concentration of waste. These 
couplings have operated continuously for 
eight months handling the same mater- 
ials at a rate averaging 400 gpm. Oper- 
ating pressures and temperatures have 
not changed appreciably. 


Tests and Results 


Laboratory tests were conducted in 
August, 1959, to determine what was 
attacking the coupling in the tubing 
string. A sample of material was sub- 
merged in the corrosive materials. Three 
materials were tested for purposes of 
comparison. The epoxy-resin fiberglass 
material was a short section of tubing 
with threads. The PVC material was a 
short section of PVC pipe. The fiberglass 
material was a 2-inch square sarnple of 
the material used as reinforcing in glass 
reinforced epoxy tubing and line pipe. 
Results are listed in Table 3. 


These tests indicated that the respon- 
sible corrosive agents were chlorophenols 
from 2, 4-D and pentachlorophenol pro- 
duction. Resistance of the tubing to 
attack was believed to be the result of 
the difference between the curing con- 
ditions applied to it and that applied to 
the tubing ends and coupling threads 
and/or the use of a slightly different 
resin in the couplings. Concentration of 
chlorophenols in the gaps left between 
tubing ends not butted in the coupling 
was believed to be a principal reason 
for the damage found. 


Line Pipe Applications of Glass 
Reinforced Epoxy Pipe 
Failures of unplasticised polyvinyl 
chloride pipe (hereinafter designated 
PVC) and asbestos filled phenolic pipe 





TABLE a-Cheenente’ Found in Effluent Stream* 


Chemical 


Hydrochloric ac acid ee Eee Te ee 


Chlorine ee Pee Fe ree 


Sodiam hydroxide....... 
Monochloroacetic acid... . 


Sodium chloride Se peep err Fb ee ele aeoa pate aie ee 


‘Sodium hy, poc hlorite. 


All chloro- phenols wis 


Bene DR siscetss.2 sineee 


Acetic Acid..... 


Sulfuric Acid Peaos 


“Met thy lene ne chloride. 


Cc ilavotornt: 


Cz arbon Tetrs achloride. - 


Perchloroethyle eee re 


* Temperatures vary from 60 F to 180 F. 








Concentration Percent 


0—37 


Zz ree and dissolved i in fluids 





eb WAte Meets Trace 





TABLE Suetenenenery wats of Three aeenerrane in Corrosive Effivent 


Corrosive Liquid 


37% HCl with monochloroacetic acid present. . . 


Fiberglass a ‘| GRP 


ase Slight softness, could not pull 
ape art manually 


Rae Slight softness, ‘could not pull | Threa ads softened slightly. No other 


apart manually action. 








37% HCI with free c le and approximately 0.5% chlorinated 


phenol from pent: achlorophenol primary chloring ator. 


Methylene chloride........ Sack des Sonata IAS 


Benzene.. AE wale e Eee OR oi ch 


Very see: pulled apart edally, 
individu al fibers weak. 


ys No effect. 
| effect. 


Sie 


..| No effect. 
! 





No action on threads could pull strips of 
fiberglass from outside 


Corrosive action on threads reduced to 
\% original height. Softened all epoxy. touch. 


Threads separating from tube, no other 





Threads softened slightly. 


OBSE RVATIONS 





“PVC 
No effect. 


Discoloration, no other 
effect. 





Swelling and spongy to 


Swelled and dissolved. 


Swelled to 3 times 
original shape. 


\ 
| 
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at about the same time that glass rein- 
forced epoxy pipe became available made 
it desirable to try it. Application, condi- 
tions, approximate footages involved and 
service life are listed in Table 4. Com- 
ments on particular installations follow. 


Hydrochloric Acid Production 


Glass reinforced epoxy line pipe first 
installed in this service was C grade 2% 
inch OD. The installation began at the 
discharge of the falling film absorber in 
the producing plant where temperatures 
are normally controlled to 130 F but 
occasionally reach 200 F when cooling 
water to the absorber is limited. The 
piping system was complete including 
the run from production to storage, stor- 
age to loading facilities and the return 
of acid to other processes. 

Support for the main portion of the 
lines was on concrete sleepers 10 feet 
apart. A portion of the line was sup- 
ported on overhead racks with supports 
14 feet apart. 
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Inspection of leaking pipe after the 
time indicated in Table 4 revealed a beam 
type failure for overhead lines with un- 
supported spans of 14 feet. Failures in 
the lines supported on sleepers also ex- 
hibited this type of failure to some extent 
but primarily showed internal craze- 
cracking which indicated that sharp 
blows or physical crushing may have 
been sustained. Failure was detected by 
seepage along pipe sections. No actual 
attack of the epoxy resin or fiberglass 
material was detected. The Grade A pipe 
used to replace the damaged Grade C 
material has performed satisfactorily 
although supported on the same struc- 
tures. The 314-inch well tubing removed 
from the disposal well has been put into 
service successfully as production acid 
line pipe. 

Chlorinator Off-Gas 

Grade A 4%-inch OD chemical line 

pipe was installed as replacement for 


asbestos filled phenolic pipe to handle 
off-gas from batch chlorination of acetic 
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acid and phenol. Failure of the asbestos- 
phenolic pipe resulted in a complete re- 
moval of binder and subsequent internal 
plugging with flaky material. High tem- 
peratures were not encountered in this 
installation because low-temperature 
condensers precede the piping from 
chlorinator to fume scrubber. 

Service of the glass filled epoxy here 
was limited, not by failure, but by com- 
pletion of the production run. Disas- 
sembly revealed some softening of the 
resin after six months’ operation. 

Fume Scrubbing 

Fluid for scrubbing the chlorinator 
off-gas from batch chlorination of acetic 
acid and phenol was handled in 3%4-inch 
OD glass reinforced epoxy line pipe. 
Failure occurred in a _ relatively short 
period, the apparent rate being 600 mils 
penetration per year. The cause of fail- 
ure was determined by considering the 
difference between the fluid and the 
fumes themselves. Sodium hypochlorite, 

(Continued on Page 12) 


ENGINEERING DIRECTORY 


Electro Rust-Proofing Corp. 
Engineering Division 
Corrosion Surveys 
Cathodic Protection Design 
Plans * Specifications 


Electrolysis Control 
Testing 


BELLEVILLE 9, NEW JERSEY 
Atlanta * Chicago * Dallas * Monrovia 


CATHODIC PROTECTION 
@ ENGINEERING 
@ SURVEYS e@ CONSTRUCTION 


Systems for conventional and 
specialized applications 


THE HARCO CORPORATION 


4592 East 71st St. VUlcan 3-8787 
Cleveland 25, Ohio 


THE HINCHMAN CORPORATION 
Consulting Engineers 
“WORLD-WIDE ACTIVITIES” 
Survey « Design « Supervision 
Specializing In 


Corresion Centre! «+ F.6.6. Certification Teste 
Electromagnetic Interference Studies 


Francis Palms Bidg. Detroit, Mich. 


2 mrnotrmnecnRENe! 
I CERRO Limited 
5325 Third St. S.E. P. 0. Box 310 
Calgary, Alberta CANADA Burlington, Ont. 
CONSULTING ENGINEERS 


Survey Design — Materials and Equipment — 
Installations 


Interprovincial 
Corrosion Control Company 


“PUTTING PERMANENCE 
IN PIPE” 


For Over 30 Years 
MAYES BROTHERS, INC. 


1150 McCarty Phone: OR 2-7566 
HOUSTON, TEXAS 


FRANCIS W. RINGER ASSOCIATES 


° Consulting 
Corrosion 
Engineers 

7 Hampden Ave. MOhawk 4-2863 
NARBERTH (Suburb Phila.) PENN. 


A. V. SMITH 
KX ENGINEERING CO. 


CONSULTING ENGINEERS 


119 Ann Street 
Hartford 3, Conn. 


Essex Bldg. 
Narberth, Pa. 


SOUTH FLORIDA TEST SERVICE 
INCORPORATED 


Testing—Inspection—Research— 
Engineers 


Consultants and specialists in corrosion, 
weathering and sunlight testing. 


4301 N.W. 7th St. ° Miami 44, Florida 


You can advertise your engi- 
neering services in this di- 
rectory for about $1.50 a 
thousand readers. This is by 
far the best, least expensive 
and most convenient way to 
keep your name before the 
more than 8000 paid read- 
ers of CORROSION. Write 
for rates, 1061 M & M Bidg., 
Houston 2, Texas. 

















Mn 


mn 


Focus on Chemical Industry 


















































TABLE 4—WMaterials Tested for Line Pipe Service 
es - = = 
| Operating Operating 
Material Service . Corrosive Pressure Temperature F Service Experience 
Grade C HCI production 37% HCl O—20 psig 60—200 14 months, failed. 
PVC.. HCl | 37% HCI | O—30 psig | 60—200 12 months, failed. 
ES ee ee Acetic-acid and phenol | Off-gas 2 in.—20 in. 6 months, no failure. 
chlorinators H2O vacuum} 80 
Asbestos filled phenolic. Acetic-acid and phenol ff-gas 2 in.—20 in. ; 
chlorinators | H20 vacuum | 80 8 months, failed. 
Grade A Chlorinator fume scrubbing | Caustic 0-12% with sodium hypo- O—30—psig 120—200 2 weeks, failed. 
| chlorite 0-5% 
Impervious Graphite Chlorinator fume scrubbing Caustic 0-12% with sodium hypo- | O0—30 psig 120—200 12 months, failed. 
| chlorite 0-5% 
Grade A Liquor decanting from 30% HCl with traces of chlorophenols | O0O—10 in. 140—180 3 months, fittings 
acidification vessel. | and monochloroacetic acid. Hg. vacuum failed, pipe unaffected 
Grade ( 14 months, failed. 
: HC1 transfer | 37% HCl 0O—30 psig 60—120 
Grade A | 18 months, no failure. 
PVC | HCI transfer | 37% HCl | O—30 psig 60—120 8 months, failed. 
| 
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high operating temperature and wet free 
chlorine were blamed. Vinylidene chlor- 
ide lined steel pipe was used to complete 
the production run. 


Acidification of 2,4-D Salt 

A super natant liquor decanting sys- 
tem for batch acidification of 2, 4-D 
salt was devised using 3% inch OD pipe. 
In this instance, failure was attributed 
to corrosion and/or erosion of the fit- 
tings without severe attack on the pipe, 
although some softening of the resin 
was detected. Fittings used in this in- 
stance were manufactured from a batch 
using a slightly different resin than that 
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used in the pipe, according to the manu- 
facturer. 

Dip samples were suspended in the 
acidification vessels for three weeks. No 
weight loss was detected but the sample 
of fitting resin became soft while the 
sample of pipe resin did not. The manu- 
facturer identified them only as the fitting 
resin and Type A resin which had been 
used in the pipe. From this test it was 
deduced that loss of material was the 
result of erosion after softening. 


Field Assembly Methods 

Assembly of line piping is more com- 
plicated than assembly of well tubing 
because of the requirements for field 
cutting, fitting, assembly and supporting 
of systems. Strict adherence to the man- 
ufacturers’ recommendations for fitting 
giass reinforced epoxy pipe and fittings 
was found to be well worth the effort. 
wack of adequate preparation, heating 
and the use of improper cements invar- 
iably resulted in leaking joints. For 
threaded and coupled pipe and fittings, 
the use of wrenches designed for glass 
reinforced epoxy pipe is essential to pro- 
tect internal surfaces from the craze- 
cracking resulting from crushing the 
pipe by applying pressure at two points 
on opposite sides. A proprietary cement 
was found to be most satisfactory where 
another was unsatisfactory, resulting in 
complete separations before leaks were 
discovered in several instances. Installa- 
tions were found to be no more labor 
consuming than that for PVC and less 
than for asbestos filled phenolic, using 
split flange connections. Labor cost 
compared favorably with that for steel 
and cerrosion resistant alloy piping. 


Conclusions 
1. The use of glass reinforced epoxy 
disposal well tubing in a chlor-alkali plant 
is Satisfactory from the corrosion stand- 
point provided that: 

a. Temperatures are controlled to a 
maximum of 200 F. 

b. Epoxy resins used to manufacture 
both tubing and coupling are 
tested and found to be satisfactory 
in all fluids to be handled. 

c. Conditions are controlled to give 
uniform cure for pipe and threaded 
ends. 

d. Provision is made for periodic in- 
spection at intervals related to ex- 
perience with materials handled. 





2. Glass reinforced epoxy line pipe in 
satisfactory in the following services: 

a. Hydrochloric acid absorber acid 
production and all aqueous HCl 
solutions below 200 F under the con- 
ditions existing in the plant experi- 
ence reported, 

b. Dry organic chlorinator off-gas 
below 200 F in general and for 
higher temperatures in selected 
instances. 

c. Wet chlorine gas below 180 F. 

3. Glass reinforced epoxy line pipe is 
unsatisfactory for handling fluids at 








See the April issue for 
three Technical Topics 
on highway corrosion 
problems. 








temperatures above 160 F which contain 
sodium hypochlorite. 

4. Field installation of glass reinforced 
epoxy line pipe are no more labor con- 
suming than other plastics and are com- 
pletely satisfactory if: 

a. Recommended joining methods 

are followed closely. 

b. Cements capable of withstanding 
the same corrosives as the pipe 
are used, 

c. Unsupported lengths are held to 
the manufacturer’s recommenda- 
tions or less. 

. Reasonable physical protection 
from crushing and sharp blows is 
provided. 

5. Service between 200 and 300 F, 
within the strength limits set by the man- 
ufacturer, is satisfactory if the fluid does 
not soften and erode the epoxy. 

In the tests reported here the ability 
of the manufacturer to control the epoxy 
material and curing conditions in both 
pipe and fittings are most important in 
determining the performance of pipe and 
tubing. 
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PROOF FROM LATEST COST ANALYSIS: 
Fluoroflex pipe (LINED WITH TEFLON) Cheaper in installed cost 


than glass-lined or high-alloy steel pipe! 
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This chart from new documented study tells the whole story: 


Here’s a report that’s going to influence design thinking 
profoundly! It demonstrates that steel pipe lined with 
Tefiont, though at present more costly on a material 
basis, is comparable in installed cost with 316 stainless 
steel, and actually cheaper in installed cost than glass- 
lined pipe or high-alloy steel! (See chart above; complete 
figures available from Resistoflex). 


Fluoroflex*, the proprietary product manufactured solely 
by Resistoflex,is fabricated Teflon at its best. Fluoroflex- 
lined steel pipe, because of its long service life, freedom 
from corrosion, contamination, and product loss, is act- 
ually replacing glass-lined, nickel alloy, and other cor- 
rosion-resistant piping materials. 


It is at present being used in the manufacture of synthetic 


plastics, acrylics, polyethylene, polypropylene, styrene, 
rayon, and other materials necessitating high-corrosion 
processes. Because inner surfaces are non-contaminating, 
Fluoroflex-lined pipe is also ideally suited to the handling 
of high-purity and sanitar’ products. 
If you are planning a corrosion-resistant piping installa- 
tion, can you afford to overlook economic facts like this? 
Write to Resistoflex Corporation for your copy of the 
complete analysis, today. Plants in ROSELAND, N. J., 
Anaheim, Calif., Dallas, Tex. Sales offices in major cities. 
{DuPont T.M. *Resistoflex T.M. 


RESISTOFLEX 


COMPLETE SYSTEMS FOR CORROSIVE SERVICE 
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Data Sheets Suggested to Solve 


Corrosion Design Problems 
in 
Chemical Process Equipment’ 
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INIMIZING CORROSION damage in chemical 

process equipment by correlating corrosion pre- 
vention data with chemical engineering design is a 
practical problem in communications. Frequently the 
engineering design phase of plant construction is 
done by engineers who are not experts in the field 
of corrosion or who have limited knowledge on 
proper corrosion prevention. 

Design engineers hardly can be expected to have 
knowledge on the hundreds of plastic coatings, 
paints, metals, alloys plus the vast background of 
corrosion control practices. Corrosion control has 
become a complex field requiring specialists. 

3ecause the corrosion specialists cannot always be 
involved directly in the engineering design of process 
plants and equipment, some means of communicating 
their corrosion knowledge and experience to the 
design engineers is needed. 

Corrosion data sheets are suggested and explained 
in this article as one means of communicating neces- 
sary data and information between corrosion per- 
sonnel and design engineers so that potential corro- 
sion problems can be foreseen during the design 
phase and thus prevented before the equipment is 
even built. 

This communication problem often becomes an 
administrative one involving assignment of work 
to properly qualified personnel who may be in 
departments completely divorced from the one in 
which basic engineering is done. In some cases, they 
may be geographically located at widely separated 
points. Thus, the communications problem is com- 
pounded. 

For best results, corrosion preventive design should 
be started early in the planning of a project. Qualified 
experts should become familiar with conditions which 
exist at the beginning. They should have a general 
knowledge of the process which is selected, raw 
materials to be handled, nature of the individual 
streams created in the process, quality of products 
to be produced, plant site conditions and environ- 
mental conditions which might cause corrosion 
damage. 

Communication of all this information to qualified 
personnel and supervisors must take place in the 
early stages of engineering design if corrosion con- 
trol design is to be effective. Long before specifi- 
cations for equipment are written, data on plant 
equipment should be carefully studied by corrosion 
saivgreiaig to avoid potential damage and failures. 


* Revision of a paper titled “Preventive Corrosion Control in Engineering 
Design” presented at the Western Region Conference, National Asso- 
ciation of Camas Engineers, Sept. 29-Oct. 1, 1959, Bakersfield, Cal. 
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At this point in plant design, however, written 
information seldom is available to departments or 
personnel other than those involved directly in the 
basic design work. To summarize and transmit the 
required corrosion information, four corrosion data 
sheets are explained below. The first is one for basic 
data; the others for heat transfer equipment, pumps 
and pressure vessels. The sheets on specific equip- 
ment are used as examples tu show that similar data 
sheets could be prepared for any equipment. 


Basic Corrosion Data Sheet 

Obviously, the exact contents of the sheet illus- 
trated by Corrosion Data Sheet 1 can be modified 
to meet requirements of work being done in partic- 
ular instances or in specialized engineering projects. 
However, even the generalized information in the 
example would provide the basis for a corrosion engi- 
neer to decide whether serious corrosion problems 
could be expected. This basic data sheet would give 
him indications as to what pieces of equipment to 
study carefully as the project develops to make 
certain that problems are foreseen during the design 
or fabrication steps. 

The corrosion engineer should be given the process 
flowsheet so that he can understand the quantities of 
materials flowing, their chemical composition, tem- 
peratures, pressures and other general information. 
From this information he can attempt to categorize 
potential corrosion problems which may eventually 
be involved in the process. 


Heat Transfer Equipment 

3ecause heat transfer equipment frequently is the 
cause of important corrosion problems, a data sheet 
is given to illustrate the information necessary on 
this type equipment (see Corrosion Data Sheet 2). 

Because this sheet cannot be completed until the 
process engineer has written the specifications, a 
preliminary data sheet—even though incomplete— 
should be issued so that the corrosion engineer can 
anticipate corrosion problems that could not be 
detected previously. 

Corrosion Data Sheet 2 could be used for most 
types of heat transfer equipment excepting fired 
heaters or furnaces. In these cases, information 
should be included concerning the fuel to be used and 
pertinent data on composition and temperature of 
the stack gases. 

From this data sheet, the corrosion engineer can 
detect conditions which might result in serious corro- 
sion problems related to direct chemical attack, high 
temperature effects, boiling conditions on surfaces, 
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scale, galvanic problems and high velocity problems. 
From this information, he can make suggestions to 
the design engineer so that potential problems can 
be minimized or eliminated. 

The question on existence of mercury in the system 
(Item 23) may seem irrelevant, but this type situa- 
tion in process plants frequently is overlooked by 
design personnel inexperienced in corrosion tech- 
nology. Cases have been known where aluminum, tin, 
brasses or other metals capable of being amalgamated 
by mercury have been used in systems in which 
mercury was present in such equipment as flow 
meters. Inadvertent unloading of the mercury into 
the system during calibration or adjustment of the 
instrument has caused the mercury to be dispersed 
throughout the system in fine droplets. Upon con- 
tacting metals capable of amalgamation, the mercury 
has caused punctures with disastrous failure of heat 
transfer equipment. 

This is an example of a corrosion failure which 
can be prevented through effective use of corrosion 
data sheets. 


Data Sheet on Pumps 

Pumps are another type of process equipment in 
which corrosion damage is common and often has 
serious consequences. With pumps, the usual corro- 
sion problems associated with construction materials 
are multiplied by the effects resulting from the 
pump’s mechanical motion and possible reaction with 
product streams. 

Corrosion Data Sheet 3 outlines the information 
of special importance if corrosion preventive meas- 
ures are to be taken during plant and equipment 
design procedures. 


Data on Pressure Vessels 

Corrosion effects occurring in pressure vessels are 
some of the most difficult to anticipate because of the 
nature of the processes involved. But if the corrosion 
engineer is given the data as shown in Corrosion 
Data Sheet 4, he can analyze the equipment for 
potential corrosion difficulties. He will be able to 
foresee possibilities of direct chemical attack, scaling, 
concentration cell corrosion due to bubbling and 
electrolytic effects due to deposits of solids. 

The information requested on pressure fluctuations 
(Item 19 on Sheet 4) may seem unusual but is in- 
cluded because it points to another frequently over- 
looked source of corrosion difficulties, particularly 
when coatings and linings are used on the interior 


(Continued on Page 16) 
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Abstract 


Explains importance of communications between corrosion engi- 
neers and design personnel so that possible corrosion problems 
can be foreseen and minimized during the design stages of chem- 
ical process equipment. Presents four corrosion data sheets as 


suggested means of obtainin 


information necessary to the cor- 


rosion engineer. Basic data sheet is given plus examples for heat 
transfer equipment, pumps and pressure vessels. Also explains that 
data collected for these shcets would not be more than is usually 
required for design specifications. Emphasizes importance of involv- 
ing corrosion personnel during the design states of ae. 
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Corrosion Data Sheet 1 
Basic Information 


1. Name of project 

2. Owner 

3. Geographic location 

4. Brief description of process 

5. Raw materials 

6. Products to be produced (at- 
tach specification data if possible) 

7.1s this a standard process or 
is this the first plant of its type? 

8. Plant site data: (a) Describe 
exact location (sea coast, desert, 
swamp, etc.), (b) Temperatures: 
maximum summer, minimum win- 
ter, (c) Annual rainfall, (d) Max- 
ae ip a Soepaeannnt. (e) 

e of soil ry. sandy, boggy. 

highly acid, etc. (f) Source of 
process water, (g) Source of cool- 
ing water, (h) Treatment o 
process water, (i) Treatment o 
cooling water. 


9. Describe degree to which 

plant will be housed within build- 
ings. 
_10. Are there any other opera- 
tions existing or contemplated 
within the area which will pro- 
duce vapors, mists, dusts or other 
effluents which could result in 
corrosive effects? 

11. Comments as to the experi- 
ence with corrosion already known 
from existing plants using the 
same or similar processes. 

12. What is length of turnaround 
period contemplated for this plant? 

13. What other scheduled main- 
tenance operations are contem- 
plated? 

14. What is payout period used 
in basic economics for this plant? 
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Corrosion Data Sheet 2 
Heat Transfer Equipment 


1. Name of project 

2. Owner 

3. Geographic location 

4. Equipment item number from 
process flow sheet 

5. Type of heat transfer equip- 
ment (shell and tube, open coil, 
etc.) 

6. Composition of fluid in tubes 

7. Composition of fluid outside 
tubes 

8. Temperature inside tubes: 
average, maximum and maximum 
localized skin temperatures 

9. Temperatures outside tubes: 
average, maximum and maximum 
localized skin temperatures 

10. Tube material 

11. Shell material 

12. Baffle material 

13. Tube sheet material 

14. Maximum velocities: inside 
tubes, outside tubes, through baf- 
fle holes, at inlet nozzle and at 
outlet nozzle. 

15. Is shell stress relieved? 

16. Material of gaskets 


17. If pressure relief valves or 
discs are provided. state materials 
of construction. 

18. Are there any materials of 
different composition than those 
already listed that are involved in 
the structure? 

_19. Will unit be insulated? If so, 
give composition of insulation. 

20. Will unit be painted or 
coated? Give composition. 

21. Will connecting lines or fit- 
tings be of any composition dif- 
— from that of the heat trans- 
er unit? 

22. Nature of solids which may 
be suspended in the fluids. 

_ 23.Is mercury used anywhere 
in the process, such as in flow- 
meters or other instruments? 

24. What is length of turnaround 
period contemplated for this equip- 


ment? 

25. What other scheduled main- 
tenance operations are contem- 
plated? 

, 26. What is payout period used 
in basic economics for this piece 
of equipment? 


Corrosion Data Sheet 3 
Pumps 


1. Name of project 

2. Owner 

3. Geographic location 

4. Equipment item number from 
yoaese ar sheet 

° e of pump 

6. Cepesiiten of fluid being 
pumped s 

7. Flowing temperature of fluid 
at inlet 

8. Pressures at inlet and outlet 

9. Material of case ce 

10. Material of impeller or piston 

11. Material of liners, if any 

12. Material of shaft s 

13. Type of seals and material 

14 > al of suspended solids 
in fluid being Bae yon ; 

15. Does the fluid consist of more 
than one phase? 

16.Can any gases be disen- 

aged as a separate phase 
the pump? 


17.Is there any possibility of 
cavitation on the suction side? 

18. Will the unit be insulated? 
Give composition of insulation and 
cement to be used. 

19. Will unit be painted or 
coated? Give coating composition. 

20. Will connecting lines or 
fittings be of any composition dif- 
ferent from that of the pump? 

21. Is mercury used anywhere in 
the process, such as in flow meters 
or other instruments? 

22. What is length of turneround 
period contemplated for this piece 
of equipment? 

23. What other scheduled 
maintenance operations are con- 
templated? 

24. What is out period used 
in basic economics for this piece 
of equipment? 
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(Continued From Page 15) 

of pressure vessels or on internal parts of such equip- 
ment. Pressure changes sometimes cause vapors to be 
“pumped” back and forth through the microscopic 
pores of even the best coating. Such action eventually 
results in the ingress of the fluid, be it a liquid or gas, 
to the boundary between the coating and vessel’s 
surface. Usually the fluid is corrosive to the surface. 
Thus corrosion begins under the coating, frequently 


creating an extremely serious condition because of 
the concentration effects. 


Other Data Forms Suggested 


Corrosion information forms can be developed for 


other types of equipment. The forms given here can: 


be improved or modified or specialized uses. The 
four forms given as examples can be set up as a 
uniform system of recording and transmitting basic 
data for study by corrosion engineers during plant 
design. 

After these corrosion studies are completed, con- 
ferences between the corrosion and design engineers 
should be scheduled so that necessary changes in 
specifications can be made to minimize the possibility 
of corrosion. Such conferences also can be used to 
apply the corrosion personnel’s knowledge and ex- 
perience to proper material selection. 


Advantages Obtained From Forms 
Use of this system of data forms may seem to put 
an undue burden on the design engineer and to 
increase the voluminous paper work involved in 
normal design procedures. However, these forms do 





Corrosion Data Sheet 4 





not contain much more information than that nor- 
mally collected to make proper decisions on material 
selection. 


Most important, however, these forms provide a 
means of communication between the corrosion engi- 
neers and other departments involved in plant design 
and construction. The forms also provide a basis on 
which supervisory personnel can make assignment 
of qualified individuals to the work involved. 

Another advantage in using these data forms is 
that corrosion data can be given to vendors and 
suppliers who might be involved in the corrosion 
design problems. 


Thus, these corrosion data forms would not in- 
crease the total work involved but probably would 
decrease the total time consumed in making final 
decisions on equipment design and fabrication to 
minimize the possibilities of corrosion problems after 
the plant goes on stream. 
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PIPE-WRAP TAPE 


Positive Protection 
for Buried Pipe 


Here’s pipe protection by the roll. 
Pipe-Wrap is made of stretchy, 


inert polyethylene with a pressure- 


sensitive adhesive to provide a 
tough, continuous barrier against 
rust, acids, alkalis and electro- 


lytic currents. Saves time and money. 


1. Name of project 

2. Owner 

3. Geographic location 

4. Equipment item number from 
process flow sheet 

5. Unit operation (fractionation, 
dan tion, extraction, etc.) 

6. Composition of fluids: liquid, 
vapor. 

. Pressures: top and bottom. 

8. Temperatures: top, bottom. 
Are there any pe oints of localized 
temperature _ er than at top? 

9. Type of trays 

10. Material of shell and material 
of liners, if any. 

11. Material of tra 

12. Material ae 

13. Material o 
bolts, nuts, etc. 

14. Nature of solids suspended 
in liquids 

15. — of solids suspended 
in gase 

16. Is shell stress relieved? 


bubble caps 
hold-down bars, 


FOCUS 
on 
INDUSTRIAL 
COATINGS 
in the 
May Issue 


17. Will unit be insulated? Give 
composition of insulation and 
cement to be used. 

18. Will unit be painted or 
coated? Give composition of 
coating. 

18. What is maximum pressure 
fluctuation which will occur in 
vessel? 

20. Will connecting lines or 
fittings be of any a dif- 
ferent from that of the shell? 

21. Is mercury used anywhere in 
process, such as in flow meters or 
other instruments? 

22. What is length of turnaround 
period contemplated for this 
equipment? 

23. What other scheduled main- 
tenance operations are contem- 
plated? 

24. What is payout period used 
in basic economics for this piece 
of equipment? 


Practical Data cereeeiny cone Boked 
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REACTS WITH inseparable new coating 


THE STEEL... cuts offshore costs 


RUS] 


This remarkable new coating 
bonds so perfectly to steel that you 
cannot detect an interface! The rea- 
son? Humble RUST-BAN 190 reacts 
chemically with the steel. The result- 
ing bond is inseparable . . . completely 
eliminating underfilm corrosion. 

The hard, abrasion-resistant coat- 
ing of 100% inorganic zinc silicate 
is also virtually impervious to scrap- 
ing and impact. You get superior 
offshore protection for many years— 
at lower annual cost than is possible 
with any other type of coating. In 
immersed service, a Humble top coat 
is recommended. 

RUST-BAN 190 contains no lead, 
is non-toxic, non-flammable and 
comes with curing solution RUST- 
BAN 195. For complete information, 
call your Humble salesman or con- 
tact Humble Oil & Refining Com- 
pany, Houston, Texas. 


America’s Leading ENergy COmpany 
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DESCRIPTION OF CRITICAL POINTS AS LOCATED ON DRAWING NO (SEE OVER) 
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Figure 1—Punch card form used to accumulate data for corrosion control purposes on process equipment. 
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NFORMATION on which the choice 

of materials of construction in the 
chemical industry is based comes too 
often from simulated tests and from the 
literature. Not nearly enough data come 
from actual measurement and inspec- 
tion of equipment in service. Ultra- 
sonic thickness measuring devices’ make 
the accumulation of data relatively easy, 
and the use of the punch card form 
shown in Figure 1 will make the accum- 
ulated data “available” and will pay for 
itself in lowered inspection costs. When 
the actual corrosion rates under operat- 
ing conditions are known, then proper 
steps for mitigation can be taken 
readily. 

Examination of Figure 1 will show 
that it covers most of the information 
required to completely identify the 
process equipment, operating conditions, 
corrosive environment in which it op- 
erates and the specifications for the 
materials of construction from which 
it has been built. 

It is convenient to have all this in- 
formation at hand when equipment is 
being inspected or evaluated or when 
replacement is considered. Frequently 
the actual specifications of the equip- 
ment is unknown and assumptions have 
to be made, including determining 
minimum thickness for safe operation. 
Information on joint efficiency is valu- 
able also. 

The system is set up so that an in- 
spection is made when the corrosion 
allowance will be half consumed at the 
known corrosion rate at the most 
rapidly corroding areas. When the cor- 
rosion rate is unknown, an estimate 
must be made based on laboratory or 
pilot plant data or from the literature. 
In this event, an inspection period based 
on consumption of one-fourth the cor- 
rosion allowance is adopted. After the 
second inspection has been made, the 
actual corrosion rate is calculated. The 
following inspection is scheduled at the 
end of half the time in which what is 
left of the corrosion allowance is as- 
sumed to last. This procedure is 
followed until inspections become too 
frequent to be economical. 

When any part of the equipment is 
corroding at an unexpected rate, the 
situation is studied for a means to re- 
duce the rate to normal. This may be 
approached in many ways but Figure 1 
is a good guide. 


Corrosion Resulting From Uniform 
Attack 

Velocity 

If the high rate is found in areas of 
maximum velocity, perhaps the velocity 
can be reduced by changing stirrer 
speeds, increasing pipe sizes or decreas- 
ing pump speeds or impeller sizes. 

Sometimes impingent plates may be 
advisable or a wear plate may be in- 
stalled. If examination indicates cavi- 
tation then it may be possible to in- 
crease the NPSH (net positive suction 


% Revision of a paper presented under the title 
“Corrosion Resistance of Steels: Mitigation 
of Corrosion in the Chemical Process _Indus- 
try,” at a meeting of Northeast Region, 
National Association of Corrosion Engineers, 
Huntington, W. Va., October 11-14, 1960. 


head) available for the pump. Lower 
the temperature or increase the pressure 
on the system enough to eliminate flash- 
ing; or a material more resistant to 
cavitation may be used as an overlay. 
If an inhibiting film is being removed, 
perhaps a better inhibitor, or more of 
the same inhibitor is in order. Some- 
times an inhibitor may be added that 
will be symbiotic with inhibitors in the 
stream already and only a very small 
quantity will substantially reduce attack. 


Liquid-Vapor Interface 

Another corrosion trouble-spot is the 
liquid-vapor interface. If this is an area 
with a high corrosion rate one of the 
obvious things to do is to eliminate it 
by having pipe lines run full or in 
storage tanks vary the level of the 
liquid-vapor interface as much as pos- 
sible. By having cylindrical storage 
tanks and other equipment built so they 
can be turned readily 180 degrees, life 
can be almost doubled. Maintenance of 
a layer of oil or other blanketing mate- 
rial on a liquid surface may eliminate or 
minimize the interface and vapor phase 
attack. 

The life of sulfuric acid storage tanks 
an be increased by making the upper 
half heavier, applying insulation, or 
putting the tank in a building, so that 
sun temperature and moisture conden- 
sation is reduced. Where the interface 
fluctuates at nearly the same level most 
of the time, a belt of more resistant 
metal or a protective coating may be 
used. Where the interface attack is in- 
creased by water introduced by moist 
air being drawn into the tank as in 
sulfuric acid, a submerged breather may 
be used. 


Reducing Temperatures 

If the accelerated attack is taking 
place in areas of maximum temperature 
or where high temperatures may be 
suspected, it may be possible to reduce 
the temperature or to secure more uni- 
form distribution. In one case where an 
exterior pipe coil was used to heat a 
tank, the corrosion rate was very rapid 
at the first coil support nearest the 
steam inlet. Insulation under this sup- 
port reduced the “hot spot” and the 
corrosion rate sharply decreased. Later, 
installation of an internal heating coil 
eliminated the problem. 

In an installation where high pressure 
steam was being throttled before being 
introduced into the jacket of a vacuum 
dryer, a hot spot developed that was re- 
duced by injecting enough water in the 
steam to kill the superheat. 

The life of a direct fired kettle was 
considerably increased through the use 
of a radiant hearth so that hot spots 
were eliminated. 

Because corrosion rates usually are 
related to metal wall temperature and 
may be two to four times a base rate 
after a rise of 50 F, attack may be 
decreased by lowering the metal wall 
temperature. 


Increasing Temperatures 


Sometimes the corrosion rate may be 
reduced by increasing the temperature. 
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Chemical Construction Corporation 
New York, New York 


Abstract 


Reviews general procedures in a chem- 
ical plant to recognize and control cor- 
rosion. Attention is given to a system 
which permits keeping data on equip- 
ment which may be significant in cor- 
rosion studies, including manufacturers’ 
serial numbers, operating conditions, de- 
scription of materials, schedule of in- 
spection reports, description of critical 
points and numerous other items all on 
a peripherally punched card. Specific 
situations discussed are velocity, liquid- 
vapor interface, temperatures, test spool 
data, corrosion by non-uniform attack, 
stress corrosion cracking and hydrogen 
embrittlement. 8.8.1 


This may eliminate condensates. Or, 
when they cannot be eliminated, rates 
found to be very high at 80 C may be 
much lower at 90 or 95 C because of 
lowered oxygen solubility. 


Low Temperature 

An increased corrosion rate because 
of low temperature usually is a conden- 
sate problem. The condensate may be 
eliminated in some cases by adding in- 
sulation or applying heat. A film over 
the liquid may reduce the vapor pres- 
sure. Vapor phase inhibitors or intro- 
ducing ammonia into the condensate 
may be used. 

_Under shut-down conditions if water 
pH in the system is kept above 9 with 
NHs, there will no rusting of steel in 
the vapor phase or condensate. Steam 
condensate lines frequently are protected 
by neutralizing or film-forming amines, 
and petroleum and petrochemical plants 
that suffer attack due to water conden- 
sates that contain CO, and/or H:S are 
protected with inhibitors.* Tanks or 
vessels operating below the dew-point 
should be well painted whether or not 
insulation is applied. 


Test Spools Give Data 

If none of these methods reduce the 
rate of attack to economic levels on 
common materials of construction, then 
it is time to consider other materials. 
One of the best ways to evaluate other 
materials is to use a corrosion test spool 
of likely materials. The corrosion rates 
from this test will be indicative of life 
that may be expected and the extent 
to which product contamination may be 
anticipated. 

Corrosion rates so obtained are relative 
because actual metal wall temperatures 
may be different and velocity and anodic- 
cathodic relationships are almost cer- 
tain to be different. Because corrosion 
rates may decrease as a function of time 
it is advisable to use a relatively long 
test period. It is possible also to eval- 
uate non-metallic materials of construc- 
tion by much the same method. 


(Continued on Page 20) 
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Corrosion Resulting From Non-Uniform Attack 


(Continued From Page 19) 


So far considered has been attack of 
a uniform nature. But because much 
damage occurs as the result of non- 
uniform attack, a thorough understand- 
ing of factors involved is necessary. 


Pitting 

Most frequently encountered is pitting 
and/or crevice corrosion which with 
cyclic stressing may produce corrosion 
fatigue. Avoid metals known to pit in 
certain media, for example, stainless 
steels in halide solutions. Where it is 
difficult to avoid them, pitting may be 
mitigated in stainless steels by a solu- 
tion heat treatment followed by pickling 
atid passivation. Keep surfaces clean, 
use reasonably high velocities to avoid 
deposition of solids. Avoid crevices. 
Keep chloride solutions away from the 
shell side of heat exchangers. Increase 
pH if possible until alkaline. Use molyb- 
denum-containing alloys. 


Stress Corrosion Cracking 

Table 1 shows a list of metals and 
alloys and associated environments 
known to have produced stress corrosion 
taken from many sources. Avoid these 
combinations if possible. If they cannot 
be avoided then equipment should be 
stress-relieved. 
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Rugged transistorized construction 
practically eliminates maintenance 
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depth penetration make the M-scope 
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Hydrogen Embrittlement 


Under some mild corrosive conditions 
the hydrogen formed at cathodic areas 
penetrates the metal lattice as atomic 
hydrogen instead of forming a_ polar- 
izing layer. This atomic hydrogen may 
combine with other atomic hydrogen 
atoms to form Hz which develops pres- 
sures that may add algebraically with 
other applied or residual stresses to pro- 
duce fracture. Hydrogen sulfide and 
hyrodocyanic acid are among the com- 
mon supplementary causes of hydrogen 
embrittlement. 


Conclusions 


Knowing actual plant corrosion rates 
make possible the use of inexpensive ma- 


terials of construction. An organized pro- 
cedure for mitigating excessive corrosion 
rates when they are due to controllable 
factors will keep costs at a minimum. By 
eliminating all non-uniform attack, mainte- 
nance may be kept on a reasonably pre- 
dictable basis. Organized corrosion testing 
helps to insure getting the right material 
in the right place. 
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TABLE 1—Some Common Materials and the Environments in Which They Will Be 
Stress Corrosion Cracked 


Alloy 


| Environment 


Aluminum Base 


Al-Zn Air 


Al-Mg | NaCl + H2O2 solution, NcCl 


solution, air 
Al-Mg 
Al-Cu-Mg 
Al-Mg-Zn 


| 
Sea water 


Al-Zn-Cu NaCl, NaCl + H2O2 solutions 
\l-Zn-Mg-Mn 
\l -én Mg-Cu-Mn Sea water 


Iron Base 
NaOH solution (15 -40%) 
NaOH + Nag2SiOsz solutions 

Nitrate solutions 

HCN 

HCN + SnCle + 

CHCls 

Acrylonitrile 


AsClz + 
+ HCN, HsPOs, 


Ac 
NHg4 Cl solution 
CaCle brine 
HeS (prob. wet) 
NHsg CNS solution 
Conc. HNOs 
H2SO4—HNOsz mixture 


Mild steel 


Sea water 
NaCl solution 
NaCl + He2Oz2 solution 
NaOH solution 
| NHs solution 
HNOs 
HeSO4 
| HeSOs-HNOs mixture 
| HeS (wet) 


Fe-Cr-(¢ 
400 Series) 


| Chloride solutions 

Sea water 

Brackish water 

NaCl + H2O2 

EtCle 

| Wet Magnesia Insuletion 

Crude NaHCO3 + NH3+ NaCl 
Ne2CO3 + 0.1% + NaCl 
Boiler feed water (concentrated) 
Crude soda and sulfate pulping 
liquors 

Alum solution 

H2S 

Steam (500 °F.) 

NaOH (15-40%) 

NaOH solution and sulfur com- 
pounds 

H2SO4 + CuS0Osz solution 
H2SO + Cl- 

NHs3 solution 

Melamine methylation 


Fe-Cr-Ni-C 
(300 Series) 





ape solution 
Fe-Cr-Ni-Mo-C NaOH + sulfur compounds 
(316-317 Malamine methylation 
Chloride solutions 
| HeSOs + CuSOs 


Copper Base 


Steam; NH3 








NHs vapors and solutions (CO2 
accelerates) 


Amines 


NHs vapors and solutions (CO2 
ac ccelers ates) 


Air 


NHs \ vapors sand solutions (CO2 
corer) (NaCl—Abstracts 
1953, Vol. » Met. 3) 


‘u-Zn-Si Ww ater Vapor 


Water 
Nickel Base 


Boiling 75% NaOH 
—_ chlorides 
zene) 
Compounds containing Hg 
Steam over 800 F 
Hydrofluosilicic acid 
HF vapors 


“u-Zn-Sn-Mn 








(chloroben- 
Monel 


Fused NaOH 
| HCN and impurities 
Sulfur over 500 F 
| Steam over 800 F 
| HF and hydrofluosilicic acid 





Nickel 


Nz aOH solutions at 500- 800 F 
Concentrated Boiler Water 500- 
800 F 
Steam and SO2 
HF 





Inconel 


Concentrated Na2S 


_Titanium Base 
Cc ommercial pure e | Red fuming HNOs (inhibited by 
1% NaBr) 


Magnesium Base 


Mg-Sn | NaCl + K2C rO4 solutions 
Mg-Al | NasSOs or NaCl + KzaCrO« 
| solutions 


| Water 


Mg-Al-Zn-Mn 


Miscellaneous Metals 


| Fe( ‘Ie solution 


Au-Cu-Ag 


Ag-Pt | FeCls solution 


| Pb (OOCCHs3)2 + HNOs solu- 
tions 

| U nde rground 
Air 
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Introduction 

HEN INSURANCE is mentioned, 
most people think of life, fire or 
automobile insurance. Why is an insur- 
ance company interested in corrosion 
rates of metal? Many insurance com- 
panies provide all types of coverage to 
meet industry’s requirements. To give 
an understanding of why an insurance 
company providing insurance on boilers, 
pressure vessels and machinery is in- 
terested in corrosion, some of the basic 
principles of boiler and pressure vessel 

coverages are outlined below. 
Boiler and machinery insurance pro- 


% Extracted from ‘ae titled ‘‘Corrosion and Its 
Relationship to Boilers and Pressure Vessels 
From an Insurance Company’s Viewpoint” pre- 
sented at the North Central Region Conference, 
National Association of Corrosion Engineers, 
October 19-20, 1960, Milwaukee, Wis. 


vides protection against loss caused by 
defined accidents to a variety of equip- 
ment which come under the general 
categories of boilers, pressure vessels 
and power equipment. Examples include 
watertube and firetube boilers, digesters, 
blow tanks, autoclaves, paper machine 
dryer rolls, air tanks, etc. 


Boiler Insurance Coverage 

The basic insuring agreement provides 
direct damage insurance on boilers and 
pressure vessels described in a schedule, 
either specifically or by named group, 
attached to the policy. Provisions of the 
basic policy apply to loss resulting from 
an accident to any insured equipment 
during the policy period and while 
equipment is in use (or connected and 
ready for use) at the location specified. 
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Figure 1—Soda digester that exploded during 

normal operation completely demolished the 

digester house, damaged seven other digesters 

and fatally injured two people. Property damage 

was over $500,000. Loss was attributed to cor- 
rosion failure. 


Abstract 


Briefly outlines basic coverage on_ boilers 
given by insurance companies. Explains 
importance of inspection and safety fac- 
tors. Gives three case histories of major 
explosions caused by corrosion failure of 
pressure vessels: soda digester, hot water 
storage tank and a liquid ammonia and 
nitrogen storage tank. Emphasizes neces- 
sity of knowing rates and patterns of cor- 
rosion on equipment to prevent cata- 
strophic failures by proper maintenance, 
repair or replacement. 

1.2.5, 7.6.4, 7.6.6, 7.5.5 


The basic insuring agreement includes 
six coverages: 

Coverage A—Direct damage on prop- 
erty of insured caused by an accident. 
“Property of the insured” includes not 
only the equipment (usually referred to 
as “object”) insured under the policy 
schedule, but also any other property of 
the insured. In addition, includes con- 
tents of the object to a limit of $1000, 
which may be increased by an additional 
premium. 

Coverage B—Expediting expenses in- 
curred for temporary repairs to stop 
leakage from a cracked section of a cast 
iron boiler or to hasten repairs by pay- 
ing overtime to repairmen or by request- 
ing shipment by air for rapid delivery 
of parts. This coverage is subject to a 
limit of $1000 or an amount equal to 
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the loss under Coverage A, whichever is 
less. 

Coverage C—Damage to property of 
Others for which the insured is liable, 
including loss of use of property. 

Coverage D—Bodily injuries (op- 
tional) for which the insured may be 
legally liable, excluding liability under 
any workmen’s compensation law. This 
does not apply to any portion of loss 
covered by any other insurance. This 
coverage also pays for emergency medi- 
cal and surgical relief at the time of the 
accident, payment being in addition to 
and not part of the specified limit per 
accident. 

Coverage E—Defense of the insured 
against all claims and suits including 
premiums on appeal bonds, expense of 
suits, interest accruing after judgment, 
all in addition to the specified limit per 
accident. 

Coverage F—Automatic coverage, 
subject to written notice within 90 days, 
on any similar object which is newly 
installed at any location specified in the 
policy or which is located on any newly 
acquired property. 

Coverages described have been ap- 
plicable only to direct damage. Even 
more serious losses of an indirect nature, 
such as loss of production and product 
spoilage also can result from accidents 
to boilers and machinery. Therefore, 
coverages for these exposures are avail- 
able through the following endorse- 
ments: use and occupancy insurance, 
outage insurance, consequential damage 
insurance, power interruption insurance, 
excess demand charge coverage and 
extra expense coverage. 

Any loss is subject to conditions of 
the insuring agreement and definitions 
of accident. The term “definition of ac- 
cident” varies with different kinds and 
types of equipment with each occurrence 
being sudden and accidental. 

This brief outlines does not describe 
all available coverages, conditions ap- 
plying to the insuring agreement, dec- 
larations or endorsements. 


Role of Engineering 

Engineering plays a definite and im- 
portant role in boiler and machinery 
insurance. Basically, engineering is con- 
cerned with conservation of human life 
and property. Specifically, insurance en- 
gineering is concerned with prevention 
of accidents covered by insurance and 
which can be reduced or eliminated by 
application of engineering knowledge 
and experience. 

Insurance engineering requires the 
services of trained men qualified by edu- 


cation, experience and ability to deter- 
mine the safety and dependability of 
structures and operations. Engineering 
codes have been developed that require 
pressure vessels to be designed with ade- 
quate safety factors. Codes also establish 
the minimum number of required op- 
erating devices and safety valves to pro- 
tect vessels against overpressure. How- 
ever, after vessels have been in service 
and loss of metal occurs from corrosion 
during normal operation, then a problem 
of inspection and maintenance at the 
site is encountered. The inspector’s first 
concern is safety, but his primary objec- 
tive is to find the corrosion, determine 
the percentage of metal left in the cor- 
roded area and to establish a safe work- 


ing pressure, 
Pressure vessels fail as a result of 


being weakened by corrosion. Numerous 
corrosion failure cases involving major 
explosions have resulted in !oss of life 
and extensive property damage. Failures 
of this type usually occur at normal 
operating pressure. Therefore, safety 
devices are not important in preventing 
these losses. As a result of these corro- 
sion failures, an insurance company can 
have direct and indirect damage losses 
involving thousands of dollars. 


Three Case Histories of Corrosion 
Failures 


Three case histories are given to show 
what catastrophic accidents, property 
damage and loss of life can result from 
corrosion failures on boilers and pres- 
sure vessels. 

In 1951, a soda digester, 84 inches by 
22 feet, exploded during normal opera- 
tion and completely demolished the 
digester house, damaged seven other 


digesters and fatally injured two people. 
(See Figure 1.) The accident occurred 
at night; many more people would have 
been injured if the explosion had oc- 
curred during the day. Property damage 
was over half a million dollars. The 
plant was idle for about a year. Investi- 
gation revealed that corrosion had re- 
duced the shell thickness by more than 
50 percent, thus causing the failure. 

Another case history is a hot water 
storage tank, 48 inches by 15 feet, which 
exploded in 1952 while operating under 
normal conditions. The building was 
completely demolished. Property damage 
was about $100,000. (See Figure 2.) In- 
vestigation again revealed that internal 
corrosion had reduced the plate thick- 
ness by over 50 percent. 

A liquid ammonia and nitrogen stor- 
age tank can be cited as another case 
of sudden and dramatic corrosion failure. 


(Continued on Page 24) 


Figure 2—Hot water storage tank exploded while operating at normal conditions. Internal cor- 

rosion had reduced plate thickness by 50 percent, thus causing the catastrophic failure which 

resulted in property damage of about $100,000. The building was completely demolished by the 
explosion. 


Figure 3—Property damage of about $50,000 resulted from this liquid ammonia and nitrogen 
storage tank which exploded on a tank farm. Failure was caused by internal corrosion which had 
reduced the original shell plate thickness by 50 percent. 
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Water Treatment Change Reduces 


Nitrogen Plant Corrosion Rates” 


ORROSION TESTS on the hot 
water return to the cooling tower 

in a nitrogen plant showed the corrosion 
rates on mild steel to be 10 to 15 mils 
per year. For these testis, a piece of 
jacketed steel pipe was placed in the 
system so that the test pipe was heated 
with steam to maintain active heat trans- 
fer as the water passed through. 

Although the corrosion rates were 
high and probably would have caused 
heat exchanger problems a shutdown 
occurred because of other reasons. 

Considerable difficulty was experi- 
enced in eliminating algae growth on 
the top deck of the cooling water during 
the initial start-up of the plant. This area 
was under optimum conditions for good 
algae growth with adequate sunlight and 
desirable water temperature. Large 
quantities of chlorine were necessary 
before adequate algae kill was obtained. 
Physical removal was accomplished only 
by brushing the algae growth loose and 
letting it fall into the cooling .tower 
basin. 

Another problem was the special 
cleaning of the exchangers during the 
shutdown to remove the scale. 





% Extracted from a paper titled “Corrosion Con- 
siderations in a Fertilizer Nitrogen Chemical 
Plant” by Robert T. Lukat, Southern Nitro- 
gen Company, Inc., Savannah, Ga., presented 
at the Southeast Region Conference, Na- 
tional Association of Corrosion Engineers, 
October 6-8, 1960, Atlanta, Ga. 
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After this shutdown, water treatment 
was drastically altered to maintain 300 
ppm of sodium dichromate and about 
10 ppm of phosphate in the cooling 
water system. Chlorination of the water 
for algae control was replaced by the 
use of chlorophenates on an intermittent 
basis. Regulation of concentration cycles 
has not been necessary because normal 
water losses maintain the desired level 
of total solids. 

After this change in the water treat- 
ment, corrosion rates dropped below 3 
mils per year. Also, inspection of ex- 
changers throughout the plant showed 
that scale formation had been controlled 
to such an extent that further cleaning 
of the exchangers was not required. And 
there were no evidence of excessive 
corrosion in any of the exchangers. 

Cost of this altered water treatment 
was in line with the average costs of 
plants using similar type treatments. 
Some cost reduction could be made by 
reducing the treatment level, but the 
company believes the relatively small 
amount of money used in excess chemi- 
cal treatment is good insurance against 
corrosion and scaling which could result 
in expensive downtime and income loss. 





Explosions— 
(Continued From Page 23) 


Measuring 108 inches in diameter by 39 
feet, this tank exploded in 1953, with a 
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resulting property damage of about 
$50,000. Fortunately, the tank was lo- 
cated in the open on a tank farm. (See 
Figure 3.) Here again, internal corrosion 
had reduced the original shell plate 
thickness by over 50 percent. 


Importance of Corrosion Rates 

Areas of equipment in which corro- 
sion is occurring must be located by 
inspection, and the pattern and rate of 
corrosion must be determined. Stress 
cracking, which can progress to the 
point of failure, can be accelerated by 
corrosion. Pits caused by corrosion be- 
come the foci of stresses which in turn 
cause cracking. 

A valid estimate of the corrosion rate 
permits repairing or replacing a section 
of equipment in time to be sure the 
equipment retains the same maximum 
allowable working pressure and safety 
factor. Persons responsible for operation 
and safety can plan for repairs or total 
replacement of the unit if the corrosion 
rate is known. 

The inspector from the insurance 
company is a specialist in safety—not a 
process expert. He can assist in deter- 
mining causes of corrosion and can 
make corrosion control suggestions, Ii 
he considers it necessary, he will rec- 
ommend the specialists in the particular 
field involved be contacted for advice. 

Accident prevention and inspection 
services provided by boiler and machin- 
ery insurance companies are an im- 
portant factor in keeping manufacturing 
costs down. Benefits of loss prevention 
are difficult to evaluate in dollars and 
cents. Unfortunately, catastrophic fail- 
ures make the news—not the successes in 
preventing accidents. 
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pipeline insulators as alike 







They’re not alike, not in physical properties! When plastic insulators 
first became available for pipeline use, W™SON felt they were inferior to the steel and block 
types then available. We delayed our entry into the field until we could provide a plastic 
material to withstand field abuse and wear. We found that material in a high density poly- 
ethylene which could be injection molded to provide low cost insulators of the highest quality. 











Our decision has proved sound. Breakage and excessive wear of glass fibre reinforced 
plastics, particularly in large sizes, has created a lack of confidence in plastics in general, 
but the M-2 Plastic THINsulator® has proved its stamina. Its high resistance to cold flow has 
been proved. Deflection test results: 1000 p.s.i. on each THINsulator runner for 64 days — 
total cumulative deflection only 0.029”. Max. temp. during test, 105° F., min. temp., 75° F. 







Its low coefficient of friction causes 
‘ sl teases : PL LLEA 
it to slide easily inside casing. The P| Lise 

a aa rt 
M-2 is completely resistant to im Pretty 4 o eer | 
pact fracture (4.0 ft. Ibs./in. notch- tt 


ed) and has successfully wormed | ECE EES 


on 36” pipe, 4%” wall, pulled in 











excess of 500 feet. We are con- ELAPSED TIME IN DAYS 

vinced that it will perform as well 

or better than any other insulator on the market, including all known steel types. Other 
physical properties: Dielectric strength — (short time, 4” thickness) 500 volts per .001 inches 
(D149-55T); Tensile strength — 4400 p.s.i. at 20 in./min.; Elongation — 25% 20 in./min.; 
Abrasion resistance — Taber index 5.7. 








The increased acceptance of the M-2 THINsulator has brought production 
to a level of real economy in injection molding. These cost savings are 
being reflected in new WISON prices for 1961. 








In planning ‘61 cased crossings, don’t ad e 


pay a premium for other insulators — use —S » 
WmSON engineered M-2’s and save! 
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Figure 1—Dark colored vessel at left 
is nitric acid concentrator. 


Abstract 

Experience with corrosion in a _ large 
concentrator used to recover nitric acid 
from raffinate waste products in a ura- 
nium refining plant is related. Solution 
of the corrosion problem in the concen- 
trator involved generation of ozone by 
electrical discharge generators to oxidize 
chlorides to produce chlorine. An elec- 
trolytic cell also has been used to re- 
move chlorides. Chlorides concentrate in 
that portion of the tower where acid 
concentration is 20-30 percent, neces- 
sitating frequent replacement of bubble 
caps and other parts. Areas subjected 
to high velocities had abnormally high 
corrosion rates. Results of tests on 
Hastelloy C, Carpenter 20, Ni-O-Nel, 
Incoloy, Inconel and various stainless 
steels are tabulated for 25-35 percent 
acid strength with 550 ppm _ chlorides; 
at 30-40 percent acid and 800-900 ppm 
chlorides. A table gives a corrosion 
profile of the concentrator from Trays 
1 through 12 in both acid and vapor 
phases. Several conclusions are listed 
including one that chloride removal by 
electrolysis is not more efficient or less 
expensive than by ozonation until con- 
centrations exceed 1000 ppm. 18-8 series 
stainless suffers negligible corrosion up 
to 200 ppm chlorides, and tolerable rates 
when chlorides are below 600 ppm at 
low flow velocities. At chloride concen- 
trations over 900 ppm corrosion of 18-8 
is excessive. 3 tables, 9 figures. 


4.3.2, 7.6.5 


Introduction 

HE MODERN method of refining 
uranium by solvent extraction is 
carried out in pulse columns or similar 
equipment. The waste product from this 
process, called raffinate, contains numer- 
ous metallic nitrates from which nitric 
acid used for dissolution of the concen- 
trates is recovered. Sulfuric acid “Spring- 
ing” and evaporation of the waste raf- 
finate, is carried out to release quantities 
of dilute nitric acid vapors to the recov- 
ery system. This process also releases 
chlorides which form a highly corrosive 
mixture in the concentrator when mixed 

with the nitric acid. 
Coping with this problem involves 
1. Keeping chlorides in the feed material 
to a minimum. 2. Providing both ozone 


*% Revision of a paper titled ‘Corrosion in a 
Nitric Acid Recovery System Due to Pres- 
ence of the Chloride Ion’’ presented at a 
meeting of the Canadian Region, Eastern 
Division, National Association of Corrosion 
Engineers, January 18-21, 1950, Toronto, 
Ontario. 


Influence of Acid and Chloride 


Concentrations on Corrosion 
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Nitric Acid Concentrator’ 


J. B. Lowe 


Eldorado Mining and Refining Ltd. 
Port Hope, Ontario, Canada 


Figure 2—Electrical discharge ozone generators. Figure 3—Electrolytic cells used to convert 
chlorides into chlorine for exhaust in gaseous effluent. Hood removed, anodes in place. 


generators and electrolytic cells in chlo- 
ride removal. 3. Relying on experience 
and economics in selecting materials for 
fabrication of recovery equipment. 


Operation and Description of Facilities 


1. Recovery Equipment 

The nitric acid concentrator shown in 
Figure 1 made of Type 347 is 32 feet 
high and has an internal diameter of 5 
feet 6 inches. The lower five feet of the 
tower is used for surge volume and to 
provide sufficient hydraulic head for 
operation of a thermosyphon reboiler 
made of Type 309 CB. 

There are 12 bubble cap trays with 
63 caps on each at 24-inch spacing in 
addition to inlet and outlet weirs and a 
6-inch downcomer. These are discussed 
in detail later. Vapor feed to the tower 
from the raffinate evaporator is intro- 
duced between the second and _ third 
trays and is contacted by a countercur- 
rent flow of reflux water. 


An overhead water condenser and 
steam ejector provides vacuum (28-inch 
Hg absolute) for the tower. This lowers 
the temperature within and thereby re- 
duces the rate of corrosion. Pumps and 
piping are provided to withdraw high 
chloride acid from trays 3 to 6 and 
return it to the column after chloride 
removal. 

Nitric acid of 55-60 percent strength, 
having been concentrated by fractiona- 
tion, is withdrawn from the bottom of 
the tower for reuse in the digestion area. 
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Ozone Generators 

Ozone for oxidizing the chlorides is 
generated in industrial type, electrical 
discharge generators from clean dry air. 
See Figure 2. Three units produce ap- 
proximately 90 Ib. of ozone per day. 
The air stream emerging from the units 
contains about 1 percent ozone by 
weight. 

This ozone-air mixture at 8 psig then 
is dispersed by diffuser tubes in the 
bottom of a Type 304 ozonation tank. 
As the ozone-air mixture ascends 
through the chloride-contaminated nitric 
oxidation of the chloride by ozone oc- 
curs. Chlorine formed in this reaction 
then is carried out in the effluent gas 
from the ozonation tank and discharged 
to the atmosphere. 

This process, although relatively new, 
is widely used for such oxidation reac- 
tions and requires that the acid be 
heated to 175 F for most efficient oper- 
ation. Heat exchangers of Type 316 
have been used in this service with pip- 
ing of either Types 304 or 347. 

These facilities permit treatment of 
60-180 Imperial gallons per hour of 
chloride-contaminated acid with an over- 
all removal efficiency in the range of 
20-65 percent. As the concentration of 
chlorides in the feed material increased, 
existing equipment soon was _ severely 
attacked by corrosion. The company’s 
research and development group carried 
out investigations to improve the facili- 
ties and to find other ways to attack 
the problem. Their work resulted in 
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higher ozonation efficiencies and devel- 
opment of an electrolytic method of 
chloride removal. 


3. Electrolytic Cells 

The electrolytic method employed and 
the cell design all were developed by 
Eldorado Mining and Refining Co. So 
far as the writer knows, his is the only 
company using this means to remove 
chloride from nitric acid. 

The production unit (Figure 3) em- 
ploys copper cathodes and platinum 
anodes. Figure 4 shows the anode and 
Figure 5 a detail on the platinum uni- 
mesh employed. The original copper 
cathodes, shown in Figure 6, have been 
modified so that immersed plates can be 
replaced easily if necessary. Both cath- 
odes and anodes are protected above 
the liquid level by an encasement of 
acrylic or polyester resin. 

The cell and its cooling tubes are 
fabricated from Type 304 which so far 
have shown no appreciable corrosion. 


Bubble caps made initially of Type 
347 used a threaded connection for posi- 
tioning above the tray. Nuts and thread- 
ed components. were preferentially at- 
tacked, making them loose and out of 
position. New designs made it possible 
to tack-weld the caps directly to trays. 

Those portions of the downcomers 
and caps exposed to the vapors had a 
much higher rate of corrosion than those 
immersed in the acid. Areas subject to 
high velocities suffered abnormally high 
corrosion rates. This was noted on 
pump impellers, in transfer pipe lines 
and in the internals of bubble cap risers. 
See Figure 9. 

Table 1 shows that Type 304 is more 
resistant to 20-30 percent nitric acid 
containing 515 ppm chloride than Type 
347 is. Table 2 shows results of increas- 
ing the chloride content of the acid to 
800-900 ppm. At this concentration the 
corrosion rate of Type 304 increased 147 
times over that at the lower figure, 
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Figure 4—Platinum anodes used in electrolytic cell. Figure 5—Close-up of platinum unimesh 
used in cell. 


The acid is precooled before it enters 
the cell and its temperature further re- 
duced to 75 F maximum by the internal 
cooling tubes. Across the bottom is a 
porous Carborundum plate to the under- 
side of which 7 cfm of air per cell is 
admitted for agitation and to aid in 
sweeping the electrodes free of hydro- 
gen and chlorine. Exhaust systems (Fig- 
ure 7) are used to vent these gases to 
atmosphere. 

A selenium rectifer supplies 2.8-3.2 
volts of direct current to each cell at a 
current density of 55 amp/ft?. Standby 
power is provided by a battery installa- 
tion equipped for automatic switching. 

The two cells have optimum capacity 
of 45 Imperial gallons per hour and an 
overall removal efficiency of 25-60 per- 
cent at design flow rates. Nine months 
of operations show that control of acid 
strength and temperature is a necessity 
for long cathode life. Plating of metallic 
impurities on the cathodes sometimes 
takes place but these can be removed 
by a temporary power interruption 
which allows them to redissolve in the 
acid. 


Nature and Location of Corrosion 


Most of the chlorides driven into the 
recovery system concentrate in that por- 
tion of the tower where the acid strength 
is in the range of 20-30 percent. This 
area experiences worst corrosion, re- 
quiring frequent replacement of bubble 
caps, downcomers and other compo- 
nents. See Figure 8. 


Figure 6—Copper cathodes used in electrolytic 

cell. Figure 7—Showing exhaust system used 

over electrolytic cells to vent gases to atmos- 

phere. Figure 8—Corroded caps from regen- 

erator. Figure 9—Section of downcomer tube 

and pump impeller, showing the effects of 
velocity on corrosion. 
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making it one of the least resistant 
alloys. These tables show the highest 
corrosion rates in the vapor phase, with 
few exceptions. 

Table 3 shows a typical corrosion 
profile over the column with average 
chlorides in Tray 3 through 6 at 634 
ppm. These determinations apply to the 
Type 304 alloy with exposures to vari- 
able acid strengths, namely, 5-10 percent 
on Tray No. 12 and 55-60 percent on 


(Continued on Page 28) 


TABLE 1—Corrosion Rates at 25-35 Percent 
Nitric Acid With Chloride Average 515 ppm 


Acid strength—Variable in range of 25-35 percent. 
Period—92 days (December 31, 1957 to April 2, 1958) 
Temperature—155—-165 F 

Aeration—Nil 

Agitation—Slight 

Location—Vicinity tray No. 4 
Samples—International Nickel Co. of Canada Ltd. 





Corrosion Rate ipy 











Alloy In Acid In Vapor 
Eilers Foca mikes -0241 Corroded away 
Carp. 20 .00045 .00068 
Ni-O-Nel -00046 .00096 
Oss 5 ss .00051 .00133 

Weta canes .00049 .00099 

WOES ox ceeds we otnhe dat .00038 .00072 
rere -00018 .00043 

MMU a ahs Coweta ek be -00045 -00106 

ETS iea cas ehoweue -00021 -00045 

Mc Ustwels dabwages -00026 .00057 
POET -00175 -00263 
A ere -00825 -0230 








TABLE 2—Corrosion Rates at 30-40 Percent 
Nitric Acid With Chloride Average of 800- 
900 ppm 


Acid strength—Variable 30—40 percert 

Period—148 days (August 5 to December 31, 1959) 
Temperature—Varied, depending on location in tower 
Aeration—Nil 

Agitation—Slight 

Location—Vicinity Tray No. 3 
Samples—International Nickel Co. of Canada Ltd. 





Corrosion Rate ipy 











Alloy In Acid In Vapor 
Carp. 20 .00040 -00073 
Ni-O-Nel..... -00041 -G0085 

Mg aie dss aks Corroded away Corroded away 
Sie 3 Fitna de .00103 -00757 

DER ns kes ca .02460 Corroded away 
Bilis. inns 00010 | .00201 

iis bee veel .00769 -01420 

WE Sites eon .00037 .00177 

SOR cnks kesas -03810 .0241 
Incoloy.......} .00135 -00840 
Inconel..... . Corroded away Corroded away 

















Nitric Acid— 
(Continued From Page 27) 


Tray No. 1. Trays are numbered begin- 
ning at the bottom. 

This report is based on five years of 
plant operation and results reported 
may not be reproducible by laboratory 
methods. Not mentioned or accounted 
for are such variables as (1) trace com- 
purities in the acid (2) upset operating 
conditions (3) upper and lower limits 
of chloride content. 


Conclusions 


1. Past experience indicates that alloy 
resistance to nitric acid contaminated 
with chloride is dependent upon (a) 
temperature (b) chloride content (c) acid 
strength (d) velocity effects (e) length 
of exposure. 

2. Test coupons indicate that vapor 
phase corrosion rates are higher than 
corresponding liquid phase corrosion 
rates excepting a few alloys. 

3. Experience indicates that cast forms 
of 18-8 stainless steels are much more 
susceptible to corrosion by nitric acid 
and nitric acid-containing chlorides than 
comparable wrought forms. 

4. Wherever possible exposed “end 
grains” should be seal welded to prevent 
end grain attack. 

5. Eldorado’s limited experience indi- 
cates that chloride removal by electro- 
lysis is not more efficient or less ex- 
pensive than ozonation methods based 
on the unit cost to remove a pound of 
chloride until concentrations exceed 
1000 ppm. 

6. Generally speaking, a recovery sys- 
tem as described and fabricated of 18-8 
steels suffers negligible corrosion up to 
200 ppm chloride. When chloride levels 
are stabilized below 600 ppm corrosion 
rates of 18-8 steel, when the stream is 
moving at low velocities, are in the range 
of .0003 to .0008 ipy. 

7. When chloride concentrations ap- 
proach or exceed 900 to 1000 ppm, the 
corrosion rates of the 18-8 stainless 
steels become excessive by Eldorado 
standards and consideration is given to 
other alloys. 

8. In designing nitric acid recovery 
equipment for maximum corrosion re- 
sistance, consideration should be given 
to design changes minimizing velocity 
effects. 


TABLE 3——Nitric Acid Corrosion Profile of 
Type 304 Stainless Steel in Concentrator 


Acid Strength—5-—10 percent on Trays No. 12 and 
55; 60 percent on Tray No. 1. Other trays in 
proportion. 

Period—174 days (April 3 to July 21, 1958) 

Temperature—Varied, depending on location (Tray 

No. 1: 175 F; Tray No. 12: 115 F) 

Aeration—Nil 

Agitation—Slight 

Location—In acid and vapor of all 12 trays. 

Samples—International Nickel Co. of Canada Ltd. 

Average chloride—Trays No. 3-6 approximately 634 
ppm. Proportionately lower on other trays. 


Corrosion Rate ipy 


: ‘In Acid In Vapor 


00067 
-00039 
-00038 
00037 
-G0023 
00108 
.00022 
-00014 
00020 
-00012 
-00030 








lf Precautions Are Taken 


Aluminum Satisfactory to Resist 


Ammonium Nitrate Corrosion’ 


MMONIUM NITRATE production 

in a fertilizer plant has caused 

serious corrosion problems. Because this 

chemical readily absorbs moisture, nitric 

acid can be liberated as the wet am- 
monium nitrate slowly decomposes. 

For this reason, steel should be elimi- 
nated in the design of an ammonium 
nitrate plant except for uses where the 
steel is kept hot enough to avoid deposi- 
tion of moisture which would promote 
corrosion. Where steel is used as heavy 
structural members, for example, ade- 
quate protective measures must be taken 
by coating with an epoxy or other ma- 
terials resistant to ammonium nitrate 
attack. 

Aluminum has been suitable for use 
as light structural members, roofing and 
siding in areas subjected to ammonium 
nitrate. However, special precautions 
must be taken to provide electrical in- 
sulation between the steel and aluminum 
to prevent galvanic corrosion between 
dissimilar metals. 

Ammonium nitrate also will attack 
concrete, causing the crystal structure 
to disintegrate, the calcium to become 
soluble and the concrete to lose its 
strength completely. Thus, concrete 
must be protected by special surfaces 
such as acid resistant brick or troweled 
epoxies. 

Localized corrosion attacks on steel and 
concrete can be prevented by elimi- 
nating crevices and corners when the 
plant is designed so that ammonium 
nitrate dust will not accumulate. (See 
Henry T. Rudolf’s article “Design 
Against Atmospheric Corrosion” pub- 
lished on Page 347t of the August, 1955, 
issue Of CORROSION.) 

Despite aluminum’s high corrosion re- 
sistance to ammonium nitrate, serious 
problems can occur. For example, if the 
ammonium nitrate contains a_ small 
amount of acid, aluminum (especially its 
alloys) may be attacked by the acid. 
Frequently this attack will be seen first 
in the area of a weld where a different 
alloy welding rod was used. 

3ecause aluminum is attacked by am- 
monium nitrate solutions above 90 per- 
% Extracted from a paper titled “Corrosion 

Considerations in a Fertilizer Nitrogen Chem- 

ical Plant’? by Robert T. Lukat, Southern 

Nitrogen Company, Inc., Savannah, Ga., pre- 

sented at the Southeast Region Conference, 


National Association of Corrosion Engineers, 
October 6-8, 1960, Atlanta, Ga. 


cent concentration, stainless steel is used 
for this strong solution service. 

Use of large stainless steel tanks for 
storage of ammonium nitrate solutions 
was deemed prohibitive at the fertilizer 
plant because of cost. The plant stored 
as much as three months’ production, 
making the cost too high for stainless 
steel storage tanks. 

To solve this problem, it was deter- 
mined that aluminum would be satisfac- 
tory for strong solution storage if the 
solution’s pH were maintained above 
the 5.0 level, accomplished by addition 
of ammonia. Storage tanks are checked 
daily to be certain the correct pH con- 
ditions are maintained. 

Contamination of some tank plates 
with mercury is determined to be the 
cause of corrosion in specific areas of 
the tank. Mercury forms an amalgam 
with aluminum which in turn is broken 
by the oxidation of the aluminum, leav- 
ing the mercury to return to the metal 
surface to amalgamate again with a 
fresh quantity of aluminum. 

After the first corrosion on specific 
plates of these storage tanks, there has 
been a gradual spreading of corrosion 
despite efforts to remove all corrosion 
products from the tanks. The corrosion 
rate has been reduced but is not under 
complete control. 


Technical Topics 
Included in Index 


Technical Topics will be included 
in CORROSION’s annual index 
published in the December issue. 
The Topics will be cross-refer- 
enced in the alphabetical subject 
and author index. 

Persons who customarily ex- 
tract Technical Section pages 
from each issue for binding are 
reminded that the Technical 
Topics pages should be extracted 
also for a more complete refer- 
ence to technical information 
published in CORROSION. 
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AR ': To provide ever-improved 
plastic coutlags to our customers by developing even 
better methods of insuring maximum quality and pu- 
rity of Plasticap coatings applied to tubular goods. 


RESULT: Air dehydrators have been installed at 
all Plastic Applicators plants to remove water, oil, 
and other impurities from air used in applying Plas- 
ticap coatings. 
® Furnishing the best possible plastic coatings to 
the oil industry is the number-one task at Plastic 
Applicators. Therefore a continuous high-priority 
research program is conducted in our own labora- 
tories and in those of independent research or- 
ganizations under contract to Plastic Applicators. 
Among the many advances that have come 
from this sustained research program was confir- 
mation of the fact that conventional air-cleaning 
equipment does not completely remove airborne 
water and oil. Remaining water and oil can form 
emulsions that are harmful to plastic coatings. To 
eliminate this possibility, Plastic Applicators has 
installed air dehydrators at each of its plants to 
remove all water, oil, and other impurities from 
air used in applying Plasticap coatings. 


PROTECT YOURSELF AND YOUR PIPE. SPECIFY PLASTICAP. MORE 


TUBULAR GOODS ARE PROTECTED WITH PLASTICAP 
THAN ANY OTHER COATING. 


FUSCA Meus IG. 





Main Office: Cee Road, P, 0. Box 7631, Hous 
ton, Tex., UN 9-3611. =e Morgan 
City, La. Houston and Odessa, 


Sales Offices: Midland, Dallas, pil tere Christi. 
Tex, Hobbs, N.M. Tulsa, Okla. Houma, Lafayette. 
New Orleans,.and Shreveport, La. Jackson. Miss. 
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Corrosion-Generated Hydrogen 
Explodes in Phosphoric Acid Tank* 


J. B. Lowe 


Port Hope, Ontario, Canada 
Eldorado Mining and Refining Ltd. 


T 11:30 a.m. on August 16, 1959, a 

violent gaseous reaction of explosive 
magnitude occurred in a verticle, cyl- 
indrical stainless steel tank holding 75 
percent phosphoric acid at Port Hope. 
Ontario, Canada. Considerable damage 
was done to the surrounding structural 
members as well as to the tank itself. 
This report summarizes results of an in- 
vestigation conducted by the Refining 
Division of Eldorado Mining and Refin- 
ing, Ltd., to determine the cause of the 
explosion so that measures could be 
taken to prevent similar explosions. 


Mechanics of the System 


Phosphoric acid is pumped from a stor- 
age tank to a head tank and from there 
distributed by gravity flow to the point 
of requirement. (See Figure 1.) ‘The level 
in the upper tank is maintained within 
a prescribed range by electrical level 
probes which automatically energize the 
distribution pump. The head tank is 
vented through an overflow line to the 
storage tank which in turn has a 14%- 
inch vent open to the atmosphere. 

The storage tank holds 3100 gallons 
and is made of Type 316 stainless steel. 
The head tank, located about 30 feet 
above the storage tank, has a volume of 
160 gallons and is made of Type 304 
stainless. The distribution pump is made 
of a low carbon anstenitic stainless steel’ 

and the inter-connecting piping is Type 
304 stainless with welded joints. 


Incident and Related Details 

An eye witness heard pressure escap- 
ing from around the manhole cover and 
the flange on the filling nozzle. This was 
followed by a “poof” which raised the 
flat top of the tank to form a dish ap- 
proximately six inches at its highest 
point. It dished the tank bottom similarly 
and bent the superstructure and staircase 
above and adjacent to the vessel. (See 
Figures 2 and 3.) 

Following this, an examination of the 
gas-air mixture taken from the head tank 
gave a positive reading on the explosi- 
meter and the characteristic “pop” of hy- 
drogen when ignited with a match. 

Analysis of phosphoric acid samples 
taken following the explosion were as 
shown in Table 1. 

It was noted also that the chloride 
content of the acid was unusually high se 
tests were set up in the laboratory to 
determine if hydrogen gas could be gen- 
erated in quanity by this acid during the 
corrosion of stainless steel. 
 Durimet 20: Nl 29; Cr 20; Mo 2 min; Cu 3 

min; SI 1; C 0.07 max and balance Fe. 

%& Revision of a paper titled “An Explosive Re- 
action in a Phosphoric Acid Distribution Sys- 
tem” presented at the Eastern Division Confer- 
ence, Canadian Region, National Association 


of Corrosion Engineers, January 17-20, 1960, 
Toronto, Canada. 


MLECTAICALLY OPERATED 
LeveL PROBES 


PHOSPHORIC HEAD TANK 
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J, ae PUMP 
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Figure 1—Flow diagram of phosphoric acid 
distribution system. 


Results of these tests are given in 
Tables 2 and 3. 

The corrosion rates based on plant acid 
results shown in Table 2 for 168 hours 
were 0.00014 ipy for Type 316 and 0.221 
ipy for Type 304. 


Tests Simulating Head Tank Environ- 
ment 


Phosphoric acid (75 percent) for the 
tests was prepared by diluting 85 percent 
phosphoric meeting ACS specifications 
(less than 5 ppm Cl) and adding to it 
known amounts of chloride. These solu- 
tions then were placed in flasks contain- 
ing test pieces (34x34x%-inch) of stain- 
less Type 304, stoppered and connected 
with water displacement apparatus to 


Figure 2—Explosion dished the tank bottom. 
Top of tank also was dished about six inches 
at highest point. 


Figure 3—Superstructure and staircase on tank 
were bent by explosion. 


Abstract 


An investigation of an explosive reaction 
in a stainless steel tank storing 75 percent 
phosphoric acid showed hydrogen gas 
probably was ignited by electrical level 
control. Unexpected generation of gas by 
corrosion of Type 304 stainless steel was 
confirmed by laboratory tests in which 
known amounts of chloride were added to 
reagent grade phosphoric acid. 1.2.5 


trap any off-gases from the corrosion 
reaction. The temperature was held in the 
range of 85 to 100 F to approximate con- 
ditions in the phosphoric acid head tank. 
The reaction was allowed to proceed for 
60 hours. Results tabulated in Table 3 
are noteworthy in that it is not generally 
known that chlorides in HsPO, greatly 
accelerate the corrosion of 18-8 stainless 
steels, especially those which do not con- 
tain molybdenum. 


Discussion 


Evidence of corrosion was found on the 
internals of the head tank and piping 
following the explosion. From this, it was 


(Continued on Page 32) 
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HEAT EXCHANGERS—ATOMIC REACTORS—CHEMICAL PROCESSING EQUIPMENT 


= Safe, efficient cleaning of stainless steel boilers, heat exchangers, atomic reactors, chemical processing 
equipment! It’s assured, when chloride-free Pfizer Citric Acid is used by your chemical cleaning service company. 
Easier and more efficient after-rinsing is another definite plus! Check for yourself these unique advantages of 
using Pfizer Citric Acid: 


| 


Citric acid is highly efficient in re- 
moving imbedded metal and oxide 
films from stainless steel. 


Citric acid’s excellent sequestering 
ability prevents reprecipitation of 
dissolved scale. 


Citric acid cleaning completely 
eliminates the possibility of 
chloride stress corrosion. 


6 


Citric acid can be effectively in- 
hibited without losing its cleaning 


* or sequestering ability. 


d. 


Citric acid is sold as a dry, 100% 
acid— meaning savings in storage 
and handling. 


Citric acid is water soluble, easy 
to handle, and non-toxic. 


Science for the World’s Well-Being 


Manufacturing Chemists for Over a Century 


For further information, mail this coupon to Pfizer today. 


| want to learn more about the use of Pfizer Citric Acid for 
cleaning stainless steel equipment. Please send me Tech- 
nical Bulletin 102. 


Name____ ows 
Company___ 
Address ‘ 


Zone___State 


Chas. Pfizer& Co., inc. Chemical Sales Div., 630 Flushing Ave., Bklyn.6,N.Y. Branch Offices: Clifton, N.J.; Chicago, Ill.; San Francisco, Cal.;Vernon, Cal.; Atlanta, Ga.; Dallas, Tex.; Montreal, Can. 
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TABLE 3——Corrosion of Stainless Types 304 & 316 by Phosphoric Acid Containing 


Known Amounts of Chloride 














WT. OF TEST PIECES 
Test Piece PPM 
Cl Added 


10.2852 


10.9738 10.7142 
10.5246 10.0600 
9.5149 9.0179 


10.2755 9.8119 
10.6438 10.1417 
10.7473 10.3732 

9.2585 8.7932 
15.2468 15.2465 


Percent 


Green 
Green 
Green 
Green 
Clear 








Several leaks, caused by external casing corrosion, had already 
occurred in this Permian Basin field of 116 wells. No previous 
attempt had been made to stop the corrosion, 

To determine the current required for protection, CSI spot 
checked 25 of the wells—using the “log current potential 
method” developed and patented by a CSI engineer. 

It was found that a maximum of 6 amperes was sufficient to 
stop corrosion. However, it was decided to use 8-ampere recti- 
fiers as the current source so that there would be a reserve to 
meet changing requirements caused by weather. In some in- 
stances it was found advisable to install 16- and 24-ampere 
rectifiers to protect 2 or 3 wells in groups. 

CSI’s experienced crews handled the complete installation, 
furnishing the rectifiers, all other necessary materials and equip- 
ment, plus a full report. 

You will find CSI an economical, reliable source for engineer- 


ing and installation services; and for cathodic protection sup- 
plies including Dow magnesium anodes. 


(CSt) CORROSION SERVICES 


INCORPORATED 
Cleveland 13, Ohio General Office: Tulsa, Okla. 
1309 Washington Ave. 


Mailing Address: 
Tel. CHerry 1-7795 


“ah, 


Box 787, Sand Springs, Ckla. 
Tel. Circle 5-1351 


Phosphoric Acid Tank— 


(Continued From Page 30) 


assumed that a reaction took place simi- 
lar to the one noted below. 


(3 Fe + 2H:PO, FEs(PO,)2 + 3H?) or 
(56 gms. Fe produce 2 gms H?) and 
(2 gms H? at NTP = 0.79 ft*) 


The probe system uses the electrical 
conductivity of the phosphoric acid with 
the tank forming part of the electrical 
sensing circuit (ground). A high voltage 
current normally flows between the ves- 
sel wall and the probes when they are 
covered with acid. Conceivably it could 
produce a spark when contact is made or 
broken during level fluctuations. 


Conclusions 

1, The explosive reaction in the phos- 
phoric distribution system appears to 
have been caused by the ignition of hy- 
drogen. 

2. Hydrogen gas is produced rapidly 
when phosphoric acid contaminated with 
chloride corrodes Type 304 stainless steel. 

3, Ignition of the gas appears to have 
been triggered by the electrical level 
probe causing the reaction 2H? + 
O72H:O + heat to take place. 

4. Eldorado will not store or handle 
phosphoric acid containing 15 ppm or 
more chloride in Type 304 stainless steel 
tanks or pipes. 

5. Hydrogen in the Type 316 ss storage 
tank probably was generated in the Type 
304 head tank and displaced by the HsPO, 
via the overflow line. 
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Technical Topics 
On Coatings Scheduled 
For Future Issues 


Effect of Some Application Variables on 
Maintenance Coating Performance, by 
J. R. Allen, F. W. Thompson and M. L. 
Monack 

Laboratory Tests for Rapid Evaluation of 
Ship Bottom Coatings, by J. R. Brown 

Epoxies Give Good Service in Well Casing 
Coating Test, by W. R. Lambert 

Evaluation of Some Materials and Coatings 
for Utility Pole Line Hardware, by John 
S. Melvin 

Susceptibility of Epoxy Coatings to Damage 
by Fresh Water Immersion, by Harold 

oroson oe 

Responsibilities of High Performance Mainte- 
nance Coating Manufacturer, by C. G 
Munger 

Special Coupon Shapes Used in Testing 
Liner Coatings, by O. W. Siebert 

Practical Data Concerning Baked Phenolic 
Coatings Used in Process Industries, by 
L. S. VanDelinder 
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This pump has a 25 mil Penton coating 
applied by fluidized bed process to pump 
impeller and both the inside and outside 
of pump head, providing internal protec- 
tion against corrosive fluids as well as an 
exterior surface finish resistant to corro- 


sive atmosphere. 
(PHOTO COURTESY GOULDS PUMPS, INC.) 


Flowmeter coated with CORVEL-Penton 
provides high-order corrosion resistance 
for use in a wide variety of chemical at- 
mospheres that attack metals. 


(PHOTO COURTESY BROOKS ROTAMETER CO.) 
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CORVEL-Penton’ 
Coatings 


Iron pipe and flanges coated with CORVEL- 
Penton on internal and external surfaces. 


WHIRLCLAD’*’ Custom Coating Service 


CORVEL-Penton provides ideal, high order corro- 
sion protection for valves, pumps, flow meters, pipe and 
fittings in the chemical, food and other processing in- 
dustries. Because of their excellent resistance to almost 
all acids, alkalis, solvents and chlorides, CORVEL- 
Penton coatings on low cost metals are unmatched in 
performance and economy... competitive in cost with 
low order corrosion protection. 


Penton coatings operate in temperatures to 250°F. and 
over. The wear and abrasion resistance of the coatings 
imparts excellent durability to parts operating under 
corrosive conditions. 

In Polymer’s WHIRLCLAD custom coating service, 


tThe basic fluidized bed process was developed and patented in Germany. Poly- 
mer’s WHIRLCLAD coating system which encompasses the fluidized bed technique 
is protected by various apparatus and process patents in the United States and 
foreign countries and numerous applications are pending. Exclusive patents and 
licensing rights in the United States and Canada are owned by a subsidiary of The 
Polymer Corporation. 


Boat ) industrial plastics 


Other Custom coating facilities: 


tTrademark of Hercules Powder Co. 


Penton is applied to valves, pipes and processing equip- 
ment in the WHIRLCLAD coating systemf, utilizing 
a fluidized bed of dry, finely divided resin powders. The 
powders heat-fuse to form a uniform, continuous film 
with thorough coverage of edges, corners and projec- 
tions on complex shapes. Pin-hole-free coatings are 
readily obtained in thicknesses of .010" and over. 
Coatings of vinyl, polyethylene, cellulosic, nylon and 
epoxy are also available. 
e Nationwide coating facilities 
Specialized application techniques 
Experienced engineering assistance 


WRITE FOR BULLETIN CP-1 


CUSTOM COATING SERVICE 
WHIRLCLAD Division 


The Polymer Corporation 


Reading, Pennsylvania 
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Brief Historical Review 


In 1907, Hayden’ reporting on tests on 
lead electrodes in soil showed that the 
corrosive effect of small a-c currents was 
less than 0.5 percent compared with the 
effects of equal d-c currents. 

McCollum and Ahlborn’ described ex- 
perimental work to determine the rate of 
corrosion of iron and lead electrodes 
buried in soil and subjected to a current 
density of about three milliamperes per 
square inch. They were interested in the 
eilfect of frequency of reversal of the cur- 
rent and found that corrosion decreased 
as the frequency increased from one cycle 
in a two-week period to 60 cycles per 
second. 

S. Marsh* presented a study of the 
electrode reactions occurring upon a-c 
electrolysis of platinum, gold and nickel 
electrodes in sulfuric acid and barium 
hydrate solutions at frequencies of 25-80 
cycles. 

E. R. Shepard‘ made investigations to 
corroborate several of the conclusions of 
McCollum and Ahlborn in respect to 
corrosion by direct current and infre- 
quently reversing currents. However, no 
tests were made at frequencies in the 
order of 25 to 60 cycles per second. 

kK. W. Miller® discussed means of re- 
ducing corrosion caused by induced a-c 
sheath currents, and voltages on lead 
sheathed single conductor cables installed 
underground, and suggested that 10 
volts, a-c voltage, on the sheath could 
produce electrolysis equivalent to an 
anodic voltage of about 0.5 volt d-c. 

Searing and Kirke® reporting on an 
investigation of cable lead sheath corro- 
sion at 60 cycles per second, stated that 
the metal loss per unit current density of 
one milliampere per square inch was 
about 2.7 mils per year for underground 
cable. 

Shipley’ in Canada reported on experi- 
ments in water heaters energized by 60- 
cycle current flowing between immersed 
electrodes. With iron electrodes, the 
fresh water was electrolyzed when the 
current density exceeded a critical value 
of 2.5 amperes per square centimeter. 
The critical current for copper was 1.9 
amperes per square centimeter. The gen- 
eration of hydrogen and oxygen gases was 
accompanied by corrosion of the electrodes, 
but no weight losses were recorded. 

Shipley and Rogers* investigated the 
chemical oxidation and reduction of or- 
ganic compounds by 60-cycle current and 
found that electrodes of commercial metals 
were unsuitable as they were severely 
corroded by the a-c current and, further- 
more the corrosion products interfered 
with the electrolysis of the solutions. 

Sherer and Granbois’® investigated the 
corrosion of underground lead sheath 
cables by constructing lead-copper cells 
with alkaline duct water as electrolyte. 
When 25-cycle current was impressed, 
the d-c current flowing from the clean 
lead anode to the electrolyte was in- 
creased. However, in tests with old 
(corroded) electrodes, the lead was 
cathodic and became more cathodic as 
larger a-c currents were applied. (Thus 
it would appear that a lead cable travers- 
ing unaerated and aerated environments 
might be corroded in both environments 
by induced a-c currents, since the effects 
could be cumulative.) Field tests on op- 
erating cables, in which the induced sheath 
voltage varied linearly with the load 
current, showed that increases in the a-c 
load resulted in net increased cathodic 
currents flowing to the lead sheath. 

% A paper presented at the 1960 American Gas 

Association Operating Section Distribution 

Conference. 
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Silverman and Rennick” made funda- 
mental studies of alternating current 
electrolysis using platinum electrodes in 
ferrous sulfate solution and ferric sulfate 
solution. Oscillograph traces were ob- 
tained of the cyclic variations of instan- 
taneous potential difference and current 
flow between the electrodes. Interpreta- 
tion of the traces showed that during 
each cycle, there were regions of polari- 
zation, oxidation of the ferrous ions to 
the ferric state, reduction of ferric ion to 
the ferrous state and reduction of the 
hydrogen ions. 

Bellassai" made measurements of a-c 
voltage on a coated gas pipeline which 
had undergone corrosion in a swampy soil. 
The pipe voltage was 8.5 volts at 60 cycles. 
Soil resistivity was 76 ohm-centimeter. 
Tests to determine the presence of a 
rectified current were inconclusive and it 
was decided that the corrosion was caused 
by concentration cell action. 


Daratt” showed that gas pipelines 
paralleling a high voltage electric tower 
line were subject to inductive effects. 
Under normal operating conditions, in- 
duced voltages as high as 10 volts per 
mile could be measured. 

Woodward” discussed corrosion of 
telephone cables installed in underground 
ducts close to a railroad operating at 25 
cvcles, alternating current, and postulated 
that direct current flowing in the tele- 
phone cable sheath may have been the 
result of rectification of a-c leakage cur- 
rent from the railroad tracks. 

Haring™ discussed the mechanism of 
electrolytic rectification and presented a 
theory for aluminum and tantalum elec- 
trodes. These form oxide films which are 
characterized by an excess of metal ions 
(aluminum and tantalum). With alu- 
minum or tantalum, the film blocked the 
flow of current whenever the electrode was 
anode. The film passed current (electrons) 
when the electrode was cathode. With 
alternating voltage applied, a_rectifica- 
tion process occurred in which the recti- 
fied current flowed from the electrolyte 
to the aluminum. 


The results of a survey of gas com- 
panies represented on the A.G.A. Corro- 
sion Committee in 1955 showed that 27 
companies had experienced induced a-c 
voltages on their pipelines. Seven had 
suspected that a-c current had been the 
cause of pipe corrosion.” 


In 1957, Amy and Mounios® made tests 
with lead and iron electrodes immersed 
in calcium sulfate solution. When 50 
cycle a-c voltage was impressed, the a-c 
current was 200 milliamperes and there 
was a 10-fold increase in d-c current to 
0.7 milliampere. The direction of d-c cur- 
rent flow was from the lead through the 
electrolyte to the iron. When alternating 
voltage was applied to two identical elec- 
trodes of lead in calcium sulfate solutions 
both electrodes were corroded. 
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In the same year, R. Bentley and T. R. 
Prentice” presented a paper on the mecha- 
nism and frequency dependence of corro- 
sion of stainless steel, platinum and gold 
electrodes passing a-c current in acid 
solutions, 

Probably the broadest investigation of 
a-c electrolysis of iron electrodes in salt 
solutions was made by Fuchs, Steinrath 
and Ternes.* They made tests on steel 
electrodes subjected to current densities 
of 10, 100 and 1,000 milliamperes per 
square decimeter, at frequencies ranging 
from 0.05 to 50 cycles per second, and in 
sodium chloride and sodium sulfate elec- 
trolytes. Translating their results into 
practical applications, it can be deduced, 
for example, that a combination of a-c 
voltage on the coated pipeline and low 
soil resistivity which would result in a 
leakage current density of 10 milliamperes 
per square centimeter area would cause 
a-c electrolysis at the rate of 0.010 inch 
per year. A specific set of conditions 
which would result in this corrosion rate 
would be 10 volts (a-c), soil resistivity 
of 1,000 ohm-centimeters. and a one-inch 
diameter break in the coating. This 
would assume the absence of rectifying 
films elsewhere on the pipe or on metallic 
attachments to the pipeline which would 
complicate the condition. 

G. Mole and D. P. Hammond” found 
no evidence of any increased tendency to 
corrosion of a buried water system as the 
result of stray alternating current origi- 
nating from the electrical transmission 
system. Specifically, an a-c current density 
ot 0.25 milliampere per square centimeter 
failed to change the d-c pipe potential 
referred to earth. 

Bruckner and Jansson, working in IlIli- 
nois” presented results of laboratory tests 
on cathodic protection of lead sheaths. 
A significant factor in the test was the 
use of non-symmetrical electrodes which 
resulted in corrosion because of non- 
uniform current densities. 


Rectified Current as a Factor in 
Corrosion 

As shown by previous investigators, 
electrolytic corrosion can occur on identi- 
cal electrodes without manifestation of a 
uni-directional current. However, a direct 
measurement of the rectified current 
component, if present, could give a clue 
as to the probable rate of corrosion. The 
magnitude and polarity of the current are 
both important. Anodic currents would, 
of course, be of most direct concern. 
However, cathodic currents also would 
be of interest because of their indirect 
corrosive effect on neighboring structures 
which would become anodic. The “neigh- 
boring structure” could conceivably be a 
portion of the same gas pipeline exposed 
to an alternating field. The following 
information on polarity was obtained 
from the brief preliminary search of the 
literature. 
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Amy and Mounios” found lead to be- 
come more anodic with respect to iron 
when alternating current was applied and 
measured a d-c component of current. 

Haring’s work” shows that aluminum 
and tantalum become more cathodic when 
alternating current is applied. (Aluminum 
corrodes under cathodic conditions.) 

Shipley’ did not measure the current 
flow in water solutions, but found that 
the presence of an oxide film on copper 
prevented the electrolytic decomposition 
of water caused by alternating current. 


Composition and Fluidity of the 
Electrolyte 

The chemical composition of the elec- 
trolyte has been found to have an effect 
on corrosion and on the films formed on 
metal. The films formed may be very 
important in causing rectification. Whether 
a film forms on a metal depends in part 
on the chemical composition and oxygen 
content of the soil electrolyte. 

Solutions of sodium chloride were used 
by Fuchs, Steinrath and Ternes.” Sulfate 
solutions also were used by these investi- 
gators and by Amy and Mounios.” Fresh 
water was used by Shipley.’ Sherer and 

rranbois’ used alkaline water from under- 
ground cable ducts. 

McCollum and Ahlborn,? who tested 
lead and iron electrodes buried in soil, 
and in soil containing added carbonate, 
concluded that the extent to which the 
a-c corrosion process is reversible de- 
pended upon the freedom with which the 
electrolyte circulates. Thus, metals ex- 
posed to soils would undergo more rapid 
a-c electrolysis than metals exposed to 
solutions. Sherer and Granbois’ placed 
porous cups over the electrodes “to keep 
the corrosion products near the corrod- 
ing surfaces, thus simulating conditions 
of the cables in the ducts.” 


Size of Electrode and Effect of 
Current Density 


The size of the metal electrode deter- 
mines the current density, other factors 
being unchanged. The density of current 
would be much higher at a small coating 
break on a steel pipe than on bare pipe, 
for example; thus with coated pipe, the 
problem of a-c electrolysis would prob- 
ably assume greater significance than 
with bare pipe. 

The size of the electrode and the fac- 
tor of current density appear to have 
been neglected by many of the previous 
investigators. However, several investi- 
gators appear to have considered the 
current density important. Searing and 
Kirke® measured current density on lead 
electrodes, and McCollum and Ahlborn? 
on lead and iron electrodes. Fuchs, Stein- 
rath and Ternes® made tests at various 
levels of current density and took size 
of the steel electrode into account. 


Non-Symmetrical Electrodes 


The arrangement of buried pipes and 
cables is far from symmetrical. In con- 
gested areas, occupied by several utilities, 
there are found various sizes of pipes and 
composed of different metals, e.g. steel, 
cast iron, copper, lead and aluminum. 
Many of these pipes are interconnected 
electrically and some may be cathodically 
protected. 

To represent the actual piping situation 
by a laboratory model of an electrolytic 
cell in which the electrodes are of identi- 
cal size and of the same material may be 
an over-simplification, and conclusions 
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from experiments on such a model should 
be made with considerable reservation. 
Variation of the size and shape of the 
electrodes would serve to provide more 
information on the effects of varying 
current density. In this respect, Bruckner 
and Jansson” using non-symmetrical 
electrodes obtained corrosion rates pre- 
viously unobtainable with more simple 
configurations. 


The contribution of dissimilar metals 
to the rectification process is not well 
known. It is possible that galvanic cells 
caused by use of dissimilar metals assist 
in the formation and maintenance of 
rectification films. These rectifying films 
may cause an increased anodic or cathodic 
current to flow when a-c potential is 
applied, depending on the polarity of the 
rectified current. 


Status of the Problem (1960) 


There is no question that alternating 
currents have caused electrolysis. This 
is not the question confronting the corro- 
sion engineer. The problem of interest 
and importance rather is under what condi- 
tions can a-c electrolysis occur or be pre- 
vented from occurring. 


Many of the early and some of the 
later laboratory investigations were con- 
ducted with current densities in the order 
of one-twentieth of the magnitude of 
present-day current densities. This is 
particularly true of the oft-quoted Bureau 
of Standards work by McCollum and 
Ahlborn’ and the British work including 
a study” made in 1958. 

For a given a-c voltage on the pipe, 
the current density at the pipe-soil inter- 
face may be much greater at breaks in 
coatings than on a completely bare pipe. 
This results from the concentrating effect 
of coating breaks. 

The incidence of a-c corrosion of pipe- 
lines is expected to increase in the future 
as available right-of-way space becomes 
scarce in the vicinity of generating sta- 
tions, and as gas lines are laid closer to 
overhead electric lines. 

Aluminum appears to be more sus- 
ceptible to a-c corrosion than ferrous 
materials. As aluminum pipelines and 
gas meters are installed, the risk of a-c 
corrosion will be expected to increase. 

There is no evidence that studies are 
being made on the problem of a-c corro- 
sion in the United States. The last sig- 
nificant contribution seems to have been 
made by Sherer and Granbois working 
on lead electrodes in 1945. 

In Italy, Dr. R. Piontelli has been 
studying the a-c corrosion of iron, nickel, 
copper, aluminum, zinc, tin and lead. The 
following aspects are being investigated: 

1. Effect of current density and frequency 

2. Effect of electrolyte and environment 

3. Effect of structure and surface condi- 
tion of the metal 

The subject of a-c corrosion is quite 
complicated and will require a large 
amount of systematic work to achieve 
any definite results. For this reason and 
the slow progress he is making because 
of meager financial support, Dr. Piontelli 
does not feel that any substantial duplica- 
tion of effort will occur if other research 
centers undertake work along the same 
lines.” 

Until the results of laboratory research 
investigations are received the corrosion 
engineer concerned with underground 
plant will not be able to evaluate the 
degree of existing corrosion hazards 
caused by a-c voltages and currents on 
metal structures or equipment in contact 
with the earth. 


Abstract 


Corrosion of buried or submerged metals 
is an electrochemical phenomenon in which 
direct currents usually are associated. 
However, reversing and alternating cur- 
rents can cause corrosion, although at a 
lower rate than direct currents. 

A brief review of the technical litera- 
ture shows that numerous investigations 
have been made having a bearing on a-c 
electrolytic corrosion of iron, lead, copper, 
aluminum and other metals. These investi- 
gations have been concerned with such 
diverse ends as decomposition of water 
into hydrogen and oxygen, reduction of 
organic compounds, ascertaining the cause 
of pitting and corrosion in buried struc- 
tures, reducing the shock hazard on pipe- 
lines due to induced voltages, determining 
the allowable levels of a-c voltage induced 
in cable sheaths, as well as attempting to 
determine under what conditions a-c elec- 
trolytic corrosion occurs, and the mecha- 
nism of rectification at the oxide film sur- 
faces of metals. 

No single investigation has been suffi- 
ciently comprehensive to permit a predic- 
tion as to what corrosion rate will result 
on buried structures. Taken together, how- 
ever, the investigations suggest that a-c 
electrolysis is a complex phenomenon which 
depends on various factors, all of which 
probably exert influence on the rate of 
corrosion. 3.8.2 
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EPOXY RESIN encapsulation was cast for 

the 75 hp motor for service in caustic 

environment. This motor was encapsulated 

during rewind. (Photograph from Larsen- 
Hogue Electric) 









i CONDENSATE PUMPS handling orange 
H rind molasses at a Florida frozen juice 
plant. The Allis-Chalmers motor in the 
foreground has Poxeal insulation, another 
type of epoxy resin encapsulation. Encap- 





f sulated motors are specified for this serv- 
’ ice in place of TEFC motors, one of 
, which is shown in the background, giving 


a comparison of size between the two 
types of motors. 
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ACID TEST shows corrosion resistance of the epoxy resin encapsula- 
tion on the electric motor stators. Acid used as 52.3 percent nitric. 
Photograph 1 shows the stator after 8 days, Photograph 2, 18 days, 








Photograph 3, 23 days and Photograph 4 compares an unexposed 
stator with the one exposed for 23 days. The acid progressively 
destroyed the metallic components of the stator, leaving the encap- 


sulating resin intact. (Allis-Chalmers Mfg. Co. photographs) 


Encapsulation With Epoxy Resin 
Protects Electric Motor Stators 


Electric motor stators have been en- 
capsulated with epoxy resin for pro- 
tection from moisture, salt spray, steam 
and contaminants that can cause corro- 
sion with resultant motor failure. 


The epoxy encapsulation system is 
proving to be a more satisfactory and 
less expensive method of protecting the 
stators than other methods such as the 
TEFC type motor (totally enclosed, fan 
cooled). 

Epoxy encapsulation is designed to 
protect the most vulnerable part of the 
motor against corrosive attack. About 
25 to 30 percent of electric motors used 
in industry are exposed to corrosive 
environments ranging from mild to ex- 
treme. Exposures can range from salt 
water spray on offshore drilling rigs 
and steam, caustic and brine in a meat 
processing plant to sulfuric acid, lye 
and hydrochloric acid in a chemical 
processing plant. 


Encapsulation Process Described 


Corrosion engineers are familiar with 
the characteristics of epoxy resins as 
industrial protective coatings for severe 
environments. Unlike these coatings, 
however, resins for encapsulating mo- 
tors contain no’solvents and are applied 
in thicknesses several hundred times 
that of conventional solution coatings 
to provide increased corrosion protec- 
tion over that obtained by films. 

The encapsulation process consists of 
filling all interstices and encasing motor 
windings in a sheath of epoxy resin as 
shown in accompanying photographs. 
This is accomplished by pouring a fluid 
resin over the windings and then allow- 
ing this to cure. Molds are used to 
retain the resin and to control the 
build-up. 

The main problem in obtaining an 
epoxy resin to protect large electrical 
equipment is one of thermal shock. 
Under the worst conditions of service, 
for example, a motor operating at 130 C 
might be sprayed with ice cold water 
during a cleaning operation. All motor 
components—iron, copper, various insu- 
lating materials and the encapsulating 
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epoxy—rapidly change dimensions at 
different rates, setting up stresses within 
the encasing resin. Should these stresses 
crack the resin, corrosive elements can 
enter to attack the vulnerable windings 
and quickly destroy the motor. 

Thermal shock tests have been made 
to develop motor encapsulating resins. 
A typical resin is Epoxylite, trade mark 
of the Epoxylite Corporation of South 
El Monte, California. Motors protected 
with this material have been frozen 
solid and started under full current. As 
the current melts the ice, unlocking the 
motor, the melting ice cannot short the 
motor because the windings are encased 
in epoxy. Other tests included placing 
motors in dry ice boxes at —40 F be- 
fore cycling them repeatedly through 
the operating ranges. 


Problem of Voids in Epoxy 


Another problem was development of 
an application technique which would 
permit full-scale production and assure 
void-free castings of the epoxy around 
and through the windings of the motor. 

If voids occur within the epoxy cast- 
ing, they will act as heat-traps and 
will cause thermal rises above the mo- 
tor’s temperature rating. 


Advantages of Encapsulated Motors 


In addition to the corrosion resist- 
ance of the epoxy encapsulation, a motor 
protected with this system has the ad- 
vantage of cost. On new equipment, an 
encapsulated motor in most sizes is 
priced about midway between the price 
of drip-proof and TEFC motors. Price 
for an encapsulated rewound motor 
compared with a standard rewind is 
usually greater than for a new encapsu- 
lated motor compared with a new stand- 
ard motor. This is because of the labor 
required to construct individual molds 
for encapsulating a rewound motor. 

Another advantage of the epoxy 
protected motor is its weight. The en- 
capsulated motor often is less bulky and 
weighs less than a TEFC motor of 
similar design, as illustrated in the 
accompanying photographs. 


(Continued on Page 38) 
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NACE Helps With Specifications 
For Surface Preparation of Fans 


A recommended practice for surface 
preparation of fans and fan parts has 
been prepared by the Air Moving and 
Conditioning Association in cooperation 
with NACE. Arno J. Liebman, NACE 
member with Pitmar Corporation, 1000 
West Ave., Rochester, N. Y., worked 
with AMCA in preparing the recom- 
mendations. The practice has been des- 
ignated AP 2601, Sept. 7, 1960. 

The recommended practice suggests 
steps or procedures to make protective 
coatings on fans more effective in pre- 
venting corrosion when they are ex- 
posed to corrosive fumes or atmos- 
pheres. 

Preparation 
coatings is 


of fans for protective 
suggested in two ways: 
(1) design considerations to eliminate 
sharp edges and configurations which 
are not easily coated and (2) surface 
preparation of the metal surface to 
remove grease or scale that might 
prevent proper bonding of the coating 
to the fan. 

Design considerations include replac- 
ing bolts normally threaded into the 
coated surface with studs or bolts hav- 
ing heads continuously welded inside. 
Self-tapping screws and permanent 
threads protruding into the coated sur- 
face should be eliminated. Hairline 
cracks and sharp inside corners should 
be eliminated by continuously welding, 
brazing or filling with high melting 
point solder. Because bearings cannot 
be adequately protected, it is suggested 
that they be placed outside the air- 
stream. 


Welds should be peened or ground 
reasonably smooth and outside corners 
ground to about 1/16-inch radius on all 
surfaces to be coated. 

Suggested surface preparation meth- 
ods include the following: Wire brush- 
ing, chipping, discing, sandblasting and 
chemical cleaning by solvents, acids and 
alkalis. Steam cleaning also is recom- 
mended. 


More German Standards 
Published in English 


German standards published in Eng- 
lish for November, 1960, include the 
following items of probable interest to 
corrosion engineers: 

UDC 621.643.2 Pipes, Conduits: 1754 
Copper tube, seamless drawn, dimen- 
sions (March, 1960); 8061 Tube and 
piping of rigid PVC, technical delivery 
specifications (preliminary standard, 
July, 1960); 8062 Tube and piping, di- 
mensions (July, 1960); 8072 Tube and 
piping, flexible polyethylene, dimensions 
(July, 1960); 8073 Tube and _ piping, 
technical delivery specifications (July, 
1960); 8074 Tube and Piping, rigid poly- 
ethylene, dimensions (July, 1960); 8075 
Tube and piping, technical delivery 
specifications (July, 1960). 

DIN UDC 669.2/.8-4 Half-finished 
products: 9715 Magnesium wrought 
alloy semi-products, mechanical prop- 
erties (April, 1960). 

UDC 669.2/.8 Non-ferrous metals: 
1620 Mild steel, rolled; sheets and 
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Corrosion Resistant 


TANKS and TANK LININGS 


Anodizing Tank Complete 
With Cooling Coils 


TANKS—For anodizing, pickling, plating, chemical 
and other processing. Long experience in building 
with carbon steel, stainless, aluminum, Monel and 


other materials. 


TANK LININGS—Rubber, vinyl, lead or plastic 
linings, for new tanks or relining existing tanks. 
Sheet or spray application in our own plant or in 
your plant by our experienced installers. 


METAL FABRICATION-Specialists in use of steel 


Portable, Acid 
Storage Tank 


and special alloys for crates, baskets and other 
dipping, heat treating and annealing equipment. 


29 years experience in corrosion resistant construc- 
tion. Complete facilities. One source—one responsi- 
bility for delivery, service, quality and satisfaction. 


Telephone the Heil Engineers. 


CORPORATION 


12922 Elmwood Ave. * Cleveland 11, Ohio 


Chemical Mixing Tank 
Fabricated of Monel 


Telephone: CLearwater 2-4141 
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plates, general specifications (March, 
1958); 1729 Sheet 2 Magnesium alloys; 
cast alloys, sand castings, permanent 
mould casting, die castings (April, 
1960). 

These standards are available from 
Deutscher Normenausschuss, Uhland- 
strasse 175, Berlin W 15. 


Electron Beam Technology 
Meeting to Be March 23-24 


The Third Annual Symposium on 
Electron Beam Technology will be held 
March 23-24 in Boston. Sponsored by 
the Alloyd Electronics Corporation, the 
symposium will have sessions on elec- 
tron beam physics, welding and refin- 
ing, advanced techniques such as poly- 
merization, food processing and other 
areas. Additional information can be 
obtained by writing R. Bakish, 37 Cam- 
bridge Parkway, Cambridge 42, Mass. 


Canada’s First Detinning 
Plant Under Construction 


Construction has begun on Canada’s 
first detinning plant at Hamilton, Ont., 
where Metal & Thermit Corporation is 
building a new plant to remove tin 
from high quality scrap produced in 
can making operations. Tin chemical 
by-products will be a source of sodium 
and potassium stannate used in electro- 
plating with tin and for immersion coat- 
ing of aluminum pistons for internal 
combustion engines. 

The company is a subsidiary of 
Metal & Thermit Corporation, Rahway, 
N. J. The company has other detinning 
plants in operation at Carteret, East 
Chicago, South San Francisco, Los 
Angeles, Baltimore, and Tampa, Fla. 


Electric Motor Stators— 


(Continued From Page 37) 
Case History of Motor Protection 


A case history illustrates the pro- 
tection which can be obtained by epoxy 
encapsulating a motor. 

Average life of a TEFC motor driv- 
ing a centrifuge basket for lithium 
mixed sulfate was three months. An 
encapsulated motor installed as replace- 
ment in the same service has been in 
service for six years. 

The Epoxylite Corporation and its 
franchised motor repair shops report 
that about 25 percent of the motors 
rewound by them have been TEFC 
types that had failed because of environ- 
mental extremes. One motor’s enclosure 
was one-quarter full of water. These 
motors were examples in which mois- 
ture and corrosive vapors had been 
sucked into the motors through the 
system of seals. 


Limitations of Encapsulated Motor 

At the present, encapsulating is lim- 
ited to the small industrial motors. The 
larger, random wound, higher tempera- 
ture motors have severe thermal shock 
requiring special epoxy resin formula- 
tions which would be expensive and not 
readily adaptable to production oper- 
ations. 

Commercially available encapsulated 
motors are not suitable for some en- 
vironments involving submersion and 
extremely corrosive elements such as 
submerged gasoline pump motors and 
motors for Freon service. Epoxy resin 
systems capable of protecting motors 
for these services require special desig- 
nation when ordering. 
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“THERMO-PICKLED” 23! Fisid Tubular Goods 


Tubular Lining Corporation now brings to plastic lining 
users the “Thermo-Pickled” method—the TLC exclusive auto- 
matic metal cleaning process. Internal surfaces of tubing are 
cleaned to a new degree of refinement—free of foreign matter 
and neutral in pH. After arrival at TLC, tubing is inspected, 
enters the automatic “Thermo-Pickled” processing machine, 
is automatically sandblasted and re-inspected. Approved tub- 
ing then enters the automatic “Autotronics” lining equipment 
that applies and bakes coats in controlled succession by an 
endless process to give a flawless lining that resists corrosion 
and paraffin deposits. At TLC, uniform bake cycles assure 
positive bond and cure. 

Specify TLC linings—a new standard in quality control 
in both metal preparation and lining. 


the proof of quality 


TUBULAR LINING CORPORATION 
JAckson 3-7013 @ P.O. Box 20015 © Houston 25, Texas 
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Repeat purchases 


— the best 


ae. ae. wa lene 
ate Chester to Bellwood, Va., 
4.5 miles of 6” pipe 
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INSTALLATION, 
Boswell's Tavern to Gum Spring, 
Va., 26.7 miles of 18” pipe 


Commonwealth Natural Gas makes repeated use of 
Polyken tape on strength of past performance 


Officials of Commonwealth Natural Gas Corpora- 
tion of Richmond, Va., were impressed in 1956 with 
the many advantages of Polyken protection. With 
confidence based on the cathodic protection needs 
of their Polyken tape-coated 1956 Bellwood line 
(inset photo), they put this coating to work two years 
later on their Chester to Petersburg, Va., line (12 
miles of 18” pipe). In 1959, more Polyken coating 

. Waverly to Ivor, Va., (15.8 miles of 12” pipe). 
And most recently, the line from Boswell’s Tavern 
to Gum Spring (main illus.). 

It stands to reason that repeated use is founded 
on first-hand satisfaction and trust. Many dis- 


criminating companies make Polyken protection 
their standard specification because of its depend- 


able performance. Get full details on Polyken per- 


formance and economy from your representative, 
or write Polyken Sales Division, 309 West Jackson 
Boulevard, Chicago 6, Illinois. 


Poluken 


EXPERIENCED IN PROTECTIVE COATINGS 
THE KENDALL company 


Polyken Sales Division 
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POLYKEN 
PROTECTIVE 
COATINGS 
DISTRIBUTORS 















Atlanta, Georgia 
Steele & Associates, Inc. 











Billings, Montana 
Western Corrosion Service 









Central Falls, Rhode Island 
American Supply Co. 














Chicago, Illinois 
Sales Engineering, Inc. 













Cicero, Illinois 
Midland Pipe & Supply Co. 







Cincinnati, Ohio 
The Hare Equipment Co. 


Cleveland, Ohio 
Harco Corp. 















Denver, Colorado 
Patterson Supply Co. 










Houston, Texas 
Cathodic Protection Service 

















Jackson, Michigan 
Utility & Industrial Supply Co. 






Long Beach, California 
Barnes & Delaney 







Memphis, Tennessee 
General Pipe & Supply Co. 










Minneapolis, Minnesota 
Simcoe Equipment Co. 







New Orleans, Louisiana 
L. F. Gaubert & Co. 






Philadelphia, Pennsylvania 
Harold N. Davis Co. 












Plainfield, New Jersey 
Stuart Steel Protection Corp. 







San Francisco, California 
Incandescent Supply Co. of Calif. 















Spokane, Washington 
Jan-Tan Corp. 






Tulsa, Oklahoma 
Midwestern Pipe Line Products Co. 











Polyken 


Experienced in modern 
PROTECTIVE COATINGS 
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Piastic Society Schedules 
Eight Regional Meetings 


Eight regional meetings have been 
scheduled by the Society of Plastics 
Engineers. Topics and dates for these 
meetings are given below. 

April 4-5: Plastics Injection Mold- 
wing Workshop, Holy Cross College, 
Worcester, Mass. 

April 20: Plastics—A New Dimension 
in Buildings, Springfield Museum of 
Art, Springfield, Mass. 

May 9: Plastics in the Automotive 
Industry, Detroit, Mich. 

June 14: Plastics in Packaging, Mon- 
treal, Quebec, Canada. 

September 12: Plastics for Tooling, 
Hotel Severin, Indianapolis, Ind. 

October 5: Plastics Foams, Niagara 
Falls, N. Y. 

November 2-3: Plastics in Packaging, 
Sheraton-Dallas Hotel, Dallas, Texas. 
Engineering Exhibition on Novem- 
ber 1-3. 

December 1: Plastics Screw Injection 
Molding, Cleveland Engineering Society 
Bldg., Cleveland, Ohio. 

Additional information can be ob- 
tained from the society at 65 Prospect 
St., Stamford, Conn. 


ASTM President to Speak 
March 9 at Houston Meeting 


A. Allan Bates, president of American 
Society for Testing Materials and vice 
president of the Portland Cement As- 
sociation will talk on “American and 
Soviet Construction Materials for the 
Future” at Houston Engineering and 
Technical Societies building on the eve- 
ning of March 9. He will speak at a 
joint dinner meeting of Southwest Dis- 
trict ASTM and Houston Branch, 
American Society for Civil Engineers. 
Additional information can be obtained 
from R. D. Wilde, Humble Oil & Re- 
fining Co., Houston. 


Expanded Uses of Zinc, 
Galvanizing to Be Studied 


A joint research and development 
program to expand the uses of hot dip 
galvanizing has been launched by the 
American Hot Dip Galvanizers Associa- 
tion and the American Zinc Institute. 
The program is to stimulate research 
and experiment by architects, engineers 
and technicians in many fields where 
hot dip galvanizing is not being used 
to its fullest potential and to encour- 
age product improvements. 


High Temperature Research 
Technical Services Offered 


A new technical service which will 
deal with nickel alloys at elevated temp- 
eratures has been established in the De- 
velopment and Research Division of 
International Nickel Company, Inc., 67 
Wall St., New_York 5, N.Y. This High 
Temperature Engineering Section, 
headed by NACE member F. L. LaQue, 
will develop and disseminate technical in- 
formation in the field of high tempera- 
tures and will be prepared to give advice 
on selection of proper materials for high 
temperature applications. 

® 
Greater Boston Section will hold a 
corrosion short course June 20-21 at the 
Wentworth Institute, Boston, Mass. 

® 
Sale of books in the United States 


totaled $630 million in 1959. 
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Procedure Improved for 
Ordering Copies of Papers 


Improvements have been made in 
the procedure for handling orders 
for copies of technical papers to be 
given at the 1961 NACE Buffalo 
Conference. The revised procedure 
is as follows: 

1. Orders will be taken at 
Buffalo for copies of papers to be 
printed by NACE at a uniform 
price of 50 cents per copy, pay- 
ment with order. 

2. A list is published in this issue 
of Corrosion of papers to be printed 
by NACE. Orders will be accepted 
at 50 cents per copy for these papers 
from persons attending the confer- 
ence. Orders from persons who did 
not attend will be accepted at $1 a 
copy. 

3. Order forms will be at the 
NACE booth at the Corrosion 
Show. 

Papers ordered from NACE will 
be printed and forwarded within 
six weeks after the Buffalo Con- 
ference. 





Glass Reinforced Phenolics 
Used for Turbine Housing 


Glass reinforced phenolics and poly- 
esters have been used for a gas tur- 
bine compressor housing instead of the 
usual magnesium alloys, according to a 
paper presented at the recent confer- 
ence of the Society of Plastics Engineers 
in Washington, D. C. 

Estimates indicate that cost of the 
plastic compressor housing is about 
half that of conventional metals, result- 
ing from drastically reduced machining 
that is not necessary on plastics. Close 
tolerances can be achieved with the 
plastics without additional machining 
operations required with metal alloys. 

Performance of the turbine was im- 
proved because of reduced expansion 
of the plastic housing, according to the 
authors of the technical paper. Higher 
air pressures could be maintained to 
give greater turbine efficiency. 


International Finishes 
Convention to Be May 8-11 


Hot dip galvanizing and metallic and 
plastic coatings will be included in the 
papers to be presented during the First 
International Industrial Finishes Con- 
vention scheduled for May 8-11 at Earls 
Court, London, England. Other papers 
will be on paint finishing methods, chem- 
ical polishing, water soluble resin fin- 
ishes, developments in aluminum fin- 
ishes, chromium plating and high tem- 
perature paint curing techniques. 

Additional information can be obtained 
from Scientific Surveys Ltd., 97 Old 
Brompton Road, London S.W.&. 


Gas Distribution Meeting 


The Distribution Committee of the 
Pennsylvania Gas Association will hold 
its 4th Annual One-Day Distribution 
Conference at the Tally Ho Inn and 


Hotel, Valley Forge, Pa., on April 6. 
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GAGE BLOCKS checked for stability at the National Bureau of Standards. At the left is one 

of the most promising blocks made by the Bureau of nitrided Type 410 stainless steel. The 

mirror-like finish of its gaging surface makes it particularly suitable for precision measurement. 

The other blocks (left to right) are a commercially manufactured experimental solid alu- 

minum oxide, a nitrided 410 stainless steel with non-gaging faces unground after nitriding, 
a martempered stabilized 52100 block and a martempered stabilized 52100 block. 


COKE BREEZE 


Backfill for Anodes 


ideally suited for use with anodes. Has a high carbon 
content and comes in sizes of Y-inch x 0 to 

x VY inch. In bulk or sacks. Prices on other sizes 
on request. 


National Carbon Anodes 
Magnesium Anodes 
Good-All Rectifiers 


HOLESALE 
COKE COMPANY 


PHONE GARDENDALE, ALA. 
HEmlock 6-3603 


P, O. Box 94 Mt. Olive, Ala. 


Make SEA WATER 
~-ANYWHERE! 


SEA RITE SALT 


for CORROSION STUDIES 


4% oz. Sea Rite Salt crystals in 
one gallon tap water produces lab- 
oratory sea water quickly, inexpen- 
sively. Provides uniform, constant 
results based on 77 composite an- 
alysis. Immediate delivery — any 
quantity. Technical literature on 
request. Write, wire, phone now! 


LAKE PRODUCTS CO.., Inc. 
ST. LOUIS 25, MISSOURI 


Stainless Steel 
Used for Highly 
Stable Gage Blocks 


In a long-range research program 
aimed at an accuracy of one part in 10 
million in gage block calibrations, the 
National Bureau of Standards recently 
has made significant advances with the 
development of highly stable blocks and 
ultraprecise measurement techniques. 
Three types of gage blocks, produced 
by M. R. Meyerson of the Bureau’s met- 
allurgy laboratories, show dimensional 
stability considerably greater than the 
best commercial blocks. To obtain pre- 
cise data on the small dimensional 
changes occurring in the blocks special 
measurement techniques were devised. 


Gage blocks, carefully made of steel 
to exact dimensions, are used to monitor 
manufacturing processes in the mass 
production of interchangeable machined 
parts. As reference standards for such 
high-precision manufacturing operations 
as the making of machine tools, ball 
bearings and missile control mecha- 
nisms, gage blocks must be capable of 
providing measurements precise to 
within one ‘part in one hundred thou- 
sand and with the advent of the space 
age, to one part in a million. Therefore, 
as the length of a block must be known 
even more accurately than the measure- 
ment referred to it, gage blocks certi- 
fied to- one or two parts in 10 million 
must be available regular 
basis. 


soon ona 


To meet increasing demands for pre- 
cision, the Bureau is focusing attention 
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on characteristics of the gage blocks 
and on equipment and methods for 
measuring these blocks. Because of the 
industrial importance of this work, a 
group of private firms is helping to 
support the metallurgical research under- 
lying the fabrication of precision gage 
blocks and the developmental metrology 
basic to achieving calibrations of the 
required accuracy. 


Gage Block Metallurgy 


Special effort is being made to de- 
velop gage blocks that will retain their 
calibrated lengths to high accuracy over 
a considerable period, with much less 
shrinkage or growth than is normally 
expected of precision gage blocks. At 
the same time, other requirements for 
gage blocks can not be neglected. These 
include an appropriate coefficient of 
thermal expansion, a high degree of sur- 
face finish, flatness of surface, paral- 
lelism of opposite gaging faces and re- 
sistance to wear, deformation and 
atmospheric and fingerprint corrosion. 


Dimensional instability in steel blocks 
is brought to result from structural 
changes in the hardened unstable struc- 
ture formed during heat treatment and 
subsequent redistribution and relaxation 
of fabrication stresses. Therefore, a 
properly fabricated block of fully an- 
nealed steel of low alloy content, at or 
near its equilibrium condition, should 
be free from subsequent structural 
changes. However, such a block is too 
soft to use as a gage block because an 
adequate surface finish cannot be ap- 
plied. Wear is high, and the surface is 
easily deformed. An alternate approach 
is to lower residual stresses in hardened 
steels by stress relieving in the vicinity 
of 1000 F, but this process also makes 
most hardened steels too soft. 


To produce a hard wear resisting sur- 
face on the annealed material, the 
Bureau nitrided several steels, chromium 
plated some, coated others with either 
tungsten carbide or aluminum oxide and 
sprayed others with nickel-chromium- 
boron alloy. Attempting to improve the 
hardened steels, the Bureau tried to 
eliminate as many unstable constituents 
as possible and to reduce fabrication 
stresses. Some blocks were case hard- 
ened on the surface through the proc- 
esses of carbonitriding, carburizing and 
cyanide hardening. 

Sufficient data have been obtained on 
blocks of 410 stainless steel and 52100 
modified steel to indicate that such 
methods can result in greatly improved 
stability. Annealed 410 stainless blocks 
with nitrided surfaces have been pro- 
duced which exhibit a growth of only 
0.0000002 inch per inch per year during 
the first year of observation. And 52100 
steel gage blocks, given special stabiliz- 
ing and stress relieving treatments, dis- 
play a shrinkage of 0.0000004 inch per 
inch per year. At present, 16 materials 
are under investigation and have been 
given a total of forty-two different 
treatments. 


Foundry Changes Name 


Electric Steel Foundry Company, 2141 
North West 25th Ave., Portland 10, 
Ore., has changed its name to Esco 
Corporation. The new name, previously 
used as a trade name for products, was 
developed because the former titled was 
not descriptive of the company’s com- 
plete activities as a manufacturer, ware- 
house and foundry. 








Copon gives more pipeline thru-put...up to 6% more! 








FOR CORROSION CONTROL 
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Carrier Based Planes 
Have Fuel Valves of 
Nitrided Titanium 


Nitriding gives a desirable hardness 
to the surface of commercially pure 
titanium but has an adverse effect on 
the Ti-6AI-4V alloy, according to a 
National Bureau of Standards study for 
the Navy Bureau of Weapons. As a 
result of the study, fuel control valves 
for jet engines of carrier based aircraft 
have been experimentally produced from 
unalloyed titanium and nitrided. These 
nitrided titanium parts have displayed 
good performance characteristics in this 
application. 

Proposed increases in temperature and 
pressure to improve aircraft engine per- 
formance will place increased demands 
on the durability of metals. Such ma- 
terials must resist galling and wear be- 
tween surfaces in sliding contact, must 
have good resistance to impact and to 
salt water corrosion, be light in weight, 
and exhibit good machinability. 

This NBS study was undertaken be- 
cause the nitriding process often in- 
creases the surface hardness of metals. 
Titanium inherently has excellent salt 
water corrosion resistance and a strong 
affinity for nitrogen, so it was a logical 


POSITIONS WANTED 
AND AVAILABLE 


Active and Junior NACE members and com- 
panies seeking salaried employees may run 
two consecutive advertisements annually 
without charge under this heading, not over 
35 words set in 8 point type. Advertisements 
to other specifications will be charged for 
at $12.50 a column inch. 


Positions Wanted 


Research & Development engineer, registered 
mechanical. Good chemistry background; 16 
yr experience design, testing, application valves; 
familiar metals evaluation, coatings, plastics, 
elastomers, adhesives, lubricants petrochemical, 
chemical process services. CORROSION Box 61-4. 


Sales Engineer—Experienced in analyzing cor- 
rosion problems, sales of protective coatings & 
linings, application or installation of materials. 
Desire sales or service position in corrosion con- 
trol work. Resume on request. Willing to re- 
locate. CORROSION, Box 6] -2 


Positions Available 


CORROSION ENGINEER—E. E. degree. Ten years’ 
experience in corrosion control engineering, de- 
sign, installation, personnel training, standard- 
ization practices for transmission and distribution 
companies. Experience in sales engineering of 
corrosion control products. Will relocate. COR- 
ROSION, 61-3. 


Metallurgist with corrosion engineering experi- 
ence wanted for staff position, civil service, proj- 
ect management Army guided missile weapons 
systems. Write W. H. Ewart, Chief, Engineering 
Requirements, Coordination Office, Research & 
Development Operations, Army Rocket and 
Guided Missile Agency, U. S. Army Ordnance 
Missile Command, Redstone Arsenal, Alabama. 
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NITRIDING gives a desirable hardness on pure titanium but adversely affects the Ti- 
6A1-4V alloy. Photomicrographs in the left row are titanium specimens; the alloy in the 
right row. Both were nitrided in purified nitrogen at 1800 F for the following times: top 
row, 4 hours, middle row, 16 hours and bottom row, 48 hours. Specimens were etched in 
one part HF (48 percent), 12 parts HNO: (concentrated) and 87 parts water. (144X) 


choice for a starting material. The alloy 
containing six percent aluminum and 
four percent vanadium had recently come 
into widespread use. Also, investigators 
reported vanadium to be the only alloy- 
ing element other than boron that in- 
creased the diffusion rate of nitrogen 
through titanium. This alloy was there- 
fore of particular interest. 

Over 300 specimens used in the ex- 
periments were nitrided in_ purified 
nitrogen at 1800 F for 4, 16, 24, 48, 96 
or 168 hours to obtain data on the rela- 
tion between case thickness and dura- 
tion of the treatment. A nickel-base 
alloy tube with water cooled ends was 
used as a nitriding chamber. Each speci- 
men, individually drawn into the hot zone 
by magnetic attraction acting on an at- 
tached iron bob, was held at the nitriding 
temperature for its prescribed time, then 
magnetically drawn into the cool zone. 

After cooling to room temperature, 
the nitrided specimens were analyzed 
metallographically. Analysis showed that 
the unalloyed metal forms a uniformly 
thick, hard case with a sharp line of 
demarcation between case and core. The 
nitride surface layer on the Ti-6Al-4V 
alloy is thinner than that which forms 
on the unalloyed titanium. Elongated 
nitride grains form in the alloy and 
penetrate as far as the center of the core 
at a 45-degree angle with the surface. 

Impact strength of titanium, as deter- 
mined by transverse impact tests on un- 
notched specimens, was not impaired as 
a result of the nitriding. However, after 


being subjected to the same treatment, 
the alloy exhibits a serious reduction in 
its impact resistance. The elongated 
nitrided grains in the alloy apparently 
act as stress raisers to reduce impact 
strength, 


Subsequent examination of the alloy 
with an electron-probe micro-analyzer 
indicated that the vanadium content in 
the elongated grains was only one-half 
of that in the surrounding matrix. Also 
traverses across the boundaries of the 
elongated nitride grains indicated no 
vanadium composition gradient in the 
matrix in the vicinity of the boundary, 
but rather an abrupt change in vanadium 
from the level in the nitride grain to the 
level in the matrix, Thermodynamic data 
obtained from the experiments showed 
that the aluminum content plays a prom- 
inent role in the formation of the grains 
and confirmed the electron probe results 
in regard to vanadium. 

The uniformly thick, nitrided case on 
the unalloyed titanium was a surface 
film 0.0005-inch thick, covering a prin- 
cipal layer of 0.004 inch, on specimens 
treated for 48 hours. Total case thick- 
ness increased with increase in nitriding 
time, following a parabolic law, and 
reached a thickness in excess of 0.008 
inch in 168 hours. This behavior is con- 
trary to that observed previously by 
other investigators, who found that 
titanium, nitrided in ammonia, attains a 
maximum case of approximately 0.004 
inch and that further treatment reduces 
case thickness. 
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Seams CORROSIONEERING WITH LAMINAC 


POLYESTER RESINS. 


REINFORCED 
LAMINAC 
PLASTIC 


FIGHTS 
OFF 
ACID 
ATTACK 

—AND 
SAVES! 


oe 


The wash acid storage tank (above) and filtered acid 
launder (at right) are two of many pieces of 
corrosion-resistant equipment recently installed in 
one of the country’s large phosphoric acid plants. 
Manufactured of glass-reinforced Laminac polyester 
resin by the Corite-Reynolds Corp., Des Plaines, Ill., 
the equipment solves all of the plant’s corrosion 
problems—and costs less to install in the bargain 
¢ Where other materials are damaged by abrasion 
and corrosion by phosphoric acid, sulphuric acid 
and gypsum, reinforced Laminac polyester resin 


shows no sign of wear, inside or out. The launder: 
handles a steady flow of wet process phosphoric 
acid of various strengths — without harm. The stor- 
age tank receives wash acid of 5-10% P05 phos- 
phoric acid at 50°C.—and comes through unharmed. 
Reinforced Laminac requires no maintenance...helps 
to produce a contaminant-free, high purity product 
* Find out about reinforced Laminac, the material 
that has been solving industry's toughest corrosion 
problems. For details or technical assistance, get 
in touch with any Cyanamid office listed below. 


AMERICAN CYANAMID COMPANY —_E¥ANAMID —— PLASTICS AND RESINS DIVISION 


WALLINGFORD, CONNECTICUT. OFFICES IN; BOSTON * CHARLOTTE °¢ 
MINNEAPOLIS «© NEW YORK * OAKLAND « PHILADELPHIA «+ 


¢ CINCINNATI ¢ CLEVELAND « DALLAS « DETROIT * LOS ANGELES 
e SEATTLE * IN CANADA: CYANAMID OF CANADA LIMITED, MONTREAL * TORONTO 
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CATHODIC 
PROTECTION 
ieee ae 


Here’s what Good-All 


“COMPLETENESS” MEANS: 


COMPLETE CATALOG 
ONLY GOOD-ALL gives you a 


catalog that_is comprehensive 


enough to permit a real flex- 
ibility in selection. Listing of 
each unit is complete, with all 
engineering information, draw- 
ings and sizes necessary to 
make a choice. You save be- 
cause you pick only the op- 
tional features you need and 
want, from the complete line 
of standard models. 


COMPLETE PRICE LIST 


Y ONLY GOOD-ALL has a com- 


plete price list of all units and 
accessories. Is permits a 
price comparison of features 
“on the spot” to get the best 
buy. 


TECHNICAL MANUAL 


V ONLY GOOD-ALL provides a 


ry 


complete technical manual with 
each rectifier. It lists parts, 
load test data and is a com- 
plete maintenance guide. 


GOOD-ALL “EXTRAS” 


ONLY GOOD-ALL “‘follows 

through” with these extras: 

1. Annual short course for 
customers which fills in on 
new developments in selec- 
tion, installation, operation 
and maintenance. 


A full time R & D engineer 
working on new improve- 
ments. 

Technically skilled represen- 
tatives, at your service in 
all areas. 


See the Good-All Representative in your area. 


SUBSIDIARY OF THOME RIDGE 


eR tet iat) cea ds roe ere 


Coatings, Application 
Equipment 


Spray gun nozzles made of a variety of 
materials with a wide selection of spray 
angles are being manufactured by Asso- 
ciated Precision Industries, 6459 N. 
Sheridan Rd., Chicago 26, Ill. Nozzles 
are available in brass, Monel, steel, 
stainless steel, hard rubber and Teflon in 
spray angles from 15 to 180 degrees. 
Orifice diameters are from 0.010 to 0.546 
inches. e 

An atomizing nozzle designed to give 
a uniformly atomized, solid-cone mist in 
capacities to 330 gph is manufactured 
by Schutte and Koerting Company, 
Cornwells Heights, Bucks County, Pa. 
Nozzles are available from stock in 
bronze and stainless steel in orifice sizes 
from 2 to 6 mm, Special corrosion re- 
sistant nozzles can be ordered. 


Coatings, Conversion 


A single dip chromate conversion coat- 
ing process for cadmium to prevent tar- 
nishing and corrosion has been devel- 
oped by Hanson-Van Winkle-Munning 
Company, Church St., Matawan, N. 
Called Chem-Rite C-55, the process pro- 
duces a clear chromate coating used 
chiefly to protect hardware and other 
cadmium plated products that require 
long shelf life without discoloration and 
loss of brightness. 


Coatings, Organic 


Clear urethane sealers keep concrete 
floors in industrial plants in good con- 
dition up to three times longer than 
other types of commercial sealers, ac- 
cording to tests conducted by Trancoa 
Chemical Corporation, Reading, Mass. 
The urethane sealers have shown resist- 
ance to water, chemicals, solvents and 
abrasion. Normal activity can be re- 
sumed within three hours after appli- 
cation, according to Trancoa. 

e 
High build-up at low rates of shear 
with rapid gelation rates is claimed for 
a new stir-in type dispersion resin de- 
signed for plastisol and high solids, low 
solvent organosol dip coatings. Desig- 
nated as Bakelite vinyl resin QXKV-2, 
the resin has given good performance 
in rotation and slush molding applica- 
tions and in machine applied coatings, 
according to the manufacturer, Union 
Carbide Plastics Co., 270 Park Ave., 
New York 17, N. Y. 

oe 
\ heavy duty epoxy coating containing 
lead silico chromate, iron oxide and 
leafing type pigments is described in a 
bulletin available from Wisconsin Pro- 
tective Coating Corp., Green Bay, Wis. 
Designed for good bonding qualities and 
high chemical resistance, the coating 
can be used as a combination primer 
and coating and can be applied to thick- 
nesses of 4 to 5 mils in one spray coat 
application, according to the manufac- 
turer. Because no organic inhibitors are 
included, this primer can be used in 
immersion service. Physical properties, 
application procedures and_ recom- 


mended uses are given in the bulletin. 
e 
New series of organosol coatings called 
Sterilkote 360 is claimed to give good 
metal adhesion with only one applica- 
tion and without primer. The coating is 
a vinyl resin based and can be applied 
by manual, automatic or electrostatic 
spray equipment as well as by regular 
and reverse roll-coaters. Baking cycles 
are flexible and can be varied to suit 
different production ovens, according to 
the formulator, Bradley & Vrooman 
Company, 2629 South Dearborn St., 
Chicago 16, Ill. The coating is designed 
to have flexibility and high resistance to 
humidity, water, salt spray, peeling, 
chipping, flaking and marring. 
= 

A new polyvinyl chloride bonded type 
pipe coating for underground gas and 
oil transmission lines is being marketed 
by Wooster Finishes Corp., Plastic 
Coatings Division, Spruce Street Exten- 
sion, Wooster, Ohio. Known as PTS-59, 
this modified plastisol pipe coating can 
be thermally bonded to all sized pipe. 
According to the manufacturer, a thin, 
20-mil film thickness provides protec- 
tion for severe corrosion conditions be- 
cause no inorganic or metallic fillers are 
used. A bulletin diving details on the 
coating is available from Wooster 
Finishes. 


Filters 


A light weight, miniature filter assem- 
bly for fluid line systems handling caus- 
tic or corrosive liquids has been de- 
veloped by Dumont Engineering Corp., 
1401 Freeman Ave., Long Beach, Cal. 
In addition to its uses in aircraft and 
missles, the filter can be used in petro- 
leum and chemical processing as a filter 
for instrument and gaging points. It 
has been in service with gases to 2250 
psi and will withstand temperature ex- 
tremes from —350 F to 500 F, accord- 
ing to Dumont. The unit is 1% inches 
square and about 2 inches in length. It 
is made of stainless steel except for an 
enclosed, chemically inert plastic washer 
used to seal the two body halves 
together. e 

Replacement cartridge demineralizer 
with a 25 gph capacity and a direct 
reading purity meter calibrated in ppm 
impurities and ohms resistance has been 
developed by Barnstead Still and Steril- 
izer Co., 322 Lanesville Terrace, Boston 
31, Mass. The unit can be operated at 
pressures to 100 psi. The cartridge 
holder is steel lined with PVC; the 
demineralizer head is faced with tin. The 
unit is only 6 by 8 by 26 inches. 


Instruments 


A potentiometer-voltmeter designed to 
give non-engineering personnel a simple, 
suitable meter for routine testing is 
available from Agra Engineering Co., 
1537 East 10th St., Tulsa, Okla. Called 
the Dacca Pipe-to-Soil Voltmeter, it 
measures potential under any resistance 
conditions with an accuracy of 2.13 per- 
cent or better, according to Agra Engi- 
neering. Meter range is 0 to 1.5 volts 
with sensitivity of 10,000 phms per volt. 


(Continued on Page 48) 
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the name synonymous with 
quality pipe coatings and wrappings 


If you are responsible for specifying pipeline protection, or keeping your pipelines as trouble-free 
as possible, then you’ll find the above announcement important for two reasons. 

First, because of the many desirable features inherent in high-density polyethylene X-Tru-Coat. 
It has proven ability to resist a wide variety of soil conditions. It can withstand severe bending and 
flexing without damaging the protective continuity of the coating. It is easy to handle and install. 
Initial sizes: 34’ nom. to 5%" O.D. 

Second, because Hill Hubbell, a pipeline protection specialist, offers special benefits. 

Any manufacturer’s pipe can be coated. Strategically located plants of foremost technical design 

provide unmatched nationwide delivery. Buy pipe at your advantage and store in Hill Hubbell’s 

yard until required on the job. Flexibility of specifications, scheduling and shipping can be tailored 
to your requirements. Only the finest materials are mill-applied under carefully controlled condi- 
tions. Factory to field assistance is always available. 
These benefits are yours with Hill Hubbell X-Tru-Coat or one of the more than 30 other Hill Hubbell 
corrosion-control specifications. 


Specify Hill Hubbell X-Tru-Coat or other high-quality coatings mill-applied by Hill Hubbell, on your next job 


Hmm Ol Bd Be Se —- 


3091 MAYFIELD RO a oe a a 


Hill Hubbell X-Tru-Coat«is produced under t 
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(Continued From Page 46) 


Direct reading of conductivity for water 
treatment is possible with a pocket size 
meter manufactured by Comroe Labora- 
tories, Inc., 5208 Lake Park Ave., Chi- 
cago 15, Ill. Designed specifically for the 
water treatment field, the instrument 
eliminates the need for time consuming 
laboratory instrument readings and per- 
mits immediate adjustment of chemical 
additives when needed, according to the 
manufacturer. e 


An illustrated catalog describing instru- 
ments for corrosion control engineering 
and geophysical subsoil surveys has 
been published by Associated Research, 
Inc., 3777 West Belmont Ave., Chicago 
18, Ill. Catalog includes description of 
push-button measurement of soil resis- 
tivity, anode resistance, circuit resistance 
and polarization effect. 
e 

Checking alloys and new metal systems 
under dynamic conditions for resistance 
to stress and corrosion is one potential 
application of a new pulsed X-ray sys- 
tem developed by Zenith Radio Re- 
search Corp., 6001 West Dickens Ave., 
Chicago 39, Ill. Including a new long- 
life X-ray tube, the system uses a 
Rauland image intensifier tube which 
amplifies the X-ray image and _ con- 
verts it to visible light which appears 
as a bright image on the tube’s output 
phosphor. The image is suitable for 
direct viewing, closed circuit television 
or for pick-up by motion picture cam- 
eras, according to Zenith. 
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} From Stock on Hand 
or Made to Order 


ipa ial 


TEST SPOOL | 

) PARTS | 
) 
_ AND RACKS | 
@ All commonly used 
metals and alloys 
@ Special sizes and 
schemes to your order 


{ We can save you time and money 
in supplying complete test spool 
set-ups or parts for your existing {| 
spools. Parts and spocls carefully 
fabricated, finished ana assembled 
to your specifications, or to stand- 

} ard specifications. 


( 

CORROSION | 
Test Supplies Co. 

P.O. Box 176, Baker, La. { 

Phone BATON ROUGE — WE 32-1315 
( soos = es 














WE SHIP ANYWHERE IN THE WORLD 





Plastics 





Centrifugal blower housings made with 
a reinforced thermosetting resin with 
standard fan wheels also covered with 
the resin have been designed and de- 
veloped by Ceilcote Company, 4832 
Ridge Rd., Cleveland 9, Ohio. Called 
Duracor, the resin is formulated for 
extreme chemical resistance and high 
strength-weight ratios. The blower units 
can be installed as separate components 
in existing systems or integrally de- 
signed into exhaust systems. 


Newly designed fluorocarbon spargers 
for injecting steam and other vapors 
below the liquid level in reaction vessels 
are available from Resistoflex Corpora- 
tion, Roseland, N. J. Made of Fluoro- 
flex-TF (Teflon), the spargers are 
claimed to have high resistance to me- 
chanical fatigue, thermal shock and cor- 
rosion. They are internally reinforced 
with steel. e 


Teflon’s lack of resilience as a sealing 
material has been overcome by use of 
an internal expander, according to Tan- 
ner Engineering Co., 1003 Santa Fe 
Ave., Los Angeles 21, Cal. Stainless 
Steel or synthetic rubber expanders are 
used, depending on the environment. 
The expanders maintain a continuous 
force against the sealing surface. The 
system has been patented as the Tec- 
Ring. e 


Molded screws made of acetal resin 
polymer are being injected molded by 
Gries Reproducer Corp., New Rochelle, 
N. Y. Made of du Pont’s resin called 
Delrin, the screws are claimed to have 
high tensile strength, rigidity and resist- 
ance to deformation and high dimen- 
sional stability over a wide range of 
environmental conditions. The screws 
are claimed to be resistant to corrosive 
fluids such as gasoline, carbon tetra- 
chloride, hydraulic fluids and oils. 


A new division to provide design assist- 
ance and manufacturing facilities for 
pilot and full scale production of fila- 
ment wound reinforced plastic parts has 
been established by Taylor Fibre Co., 
Norristown, Pa. The filament winding 
technique uses high strength glass fila- 
ments in tension to absorb loading 
stresses of a vessel. Applications include 
storage and processing equipment, pres- 
sure piping, pressure relief equipment 
and centrifugal spinning baskets. 
& 

A flush-toilet tank ball and guide de- 
signed to stop leakage and to prevent 
corrosion has been made of polyethylene 
resin by Valguard Co., Inc., Port De- 
posit, Md. The unit can be installed 
without tools and is claimed to be com- 
patible with any flushing mechanism. 





Tanks 








To extend tank life and effectively com- 
bat corrosion, standardized storage 
water heaters are being fabricated from 
copper-silicon, Monel, Inconel, alumi- 
num, nickel-clad and stainless-clad steel 
by Niagara Weldments, Inc., 55 Portage 
Rd., Niagara Falls, N. Y. Also standard 
steel tanks can be supplied with various 
linings and coatings such as phenolic, 
porcelain, cement or hot dip galvanizing. 
These tanks are marketed under the 
name NiaWel. A bulletin giving com- 
plete information on the tanks is avail- 
able from the manufacturer. 
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Valves 





A new bulletin on Tufline compact 
valves with sleeves, diaphragms and 
covers of Teflon is available from Con- 
tinental Manufacturing Co., 230 Park 
Ave., New York 17, N. Y. The bulletin 
gives diagrams, suggested applications 
and describes corrosion resistance of 
the valves. ° 


No threading, swaging, flaring, welding 
or special tools are required to install 
stainless steel tubing valves capable of 
handling liquids and gases at 12,000 psi, 
according to the manufacturer, Auto- 
clave Engineers, Inc., 2949 West 22nd 
St., Erie, Pa. Called AE SpaceSaver 
valves, they are made of Type 316 stain- 
less and are available in sizes for %, %4 
and % OD tubing. Complete informa- 
tion is available from Autoclav Engi- 
neers. e 


Engineering specifications of corrosion 
resistant valves are given in a bulletin 
available from Alloy Steel Products Co., 
Linden, N. J. Chemical composition 
ranges and minimum mechanical prop- 
erties are included in this Corrosion 
Resistant Valve Bulletin No. 7. 





NACE Member Jean S. Wood has 
joined the sales staff of Geigy Indus- 
trial Chemicals, Saw Mill River Rd., 
Ardsley, N. Y., to represent the com- 


pany in Texas, Louisiana, Oklahoma, 
Mississippi and Arkansas. 

e 
Raymond C. Baxter has been appointed 
vice president of engineering for Allied 
Chemical’s National Aniline Division, 40 
Rector St., New York 6, N. Y. 


6 
Paul J. Chaney has been appointed vice 
president of Sumitomo Shoji New York, 
Inc., 149 Broadway, New York 6, N. Y., 
where he will manage the newly formed 
Tubular Products Division. 

® 


Jerome B. Cohen of Northwestern Uni- 
versity, Evanston, IIl., Department of 
Materials Science, has been named win- 
ner of the AIME’s Metallurgical So- 
ciety’s Robert Lansing Hardy Award. 

® 
Herbert J. Cooper has been named 
president and chief executive officer of 
Cooper Alloy Corp., Hillside, N. J. 

8 
William W. Hays has been appointed 
marketing manager of Atlas Powder 
Company’s chemicals sales department, 
Wilmington 99, Del. 

® 
Two new vice presidents have been 
named for Graver Tank and Mfg. Co., 
4809 Tod Ave., East Chicago, Ind., 
Henry H. Hemenway becomes vice 
president for research and engineering; 
Lionel G. Lancaster becomes vice presi- 
dent for construction. Willard M. Brox- 
ham has been named vice president and 
Pacific Coast sales manager. 

° 
William A. Hopkins has been appointed 
electroplating product specialist for 
Metal & Thermit Corp., at the com- 
pany’s Detroit, Mich., offices. 


® 
James M. Hughes has been appointed 
sales manager of regular products for 
Dresser Manufacturing Division of 


(Continued on Page 50) 
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Choose from 6 sizes. 
operating pressure range... 


RECORD AND REPORT 


Same operating temperature range... same 
same corrosion resistance. . 


. NEW 6- 


and 8-inch sizes meet the growing demands of the processing industries. 


Now! A complete size range of Fibercast 
Epoxy Pipe—including new 6’ and 8’ 


¢ handles a temperature range from —65° to 300° F 
¢ withstands an operating pressure range up to 1200 psi. 
¢ pipe sizes from 2" to 8" 


Only Fibercast, with its unique 
reinforced epoxy resin construc- 
tion, can withstand sustained high 
pressures, high temperatures and 
extreme corrosive conditions more 
efficiently than any other pipe. 
Fibercast’s ability to competently 
handle 320 of 338 corrosive solu- 
tions is on record. And now Fiber- 
cast, in answer to more of the needs 
of industry, brings its proven value 
to larger size flow lines. 


Fibercast Tube and Pipe, rang- 
ing in size from 2” to 8”, is not 
subject to cold flow or permanent 


IBERCASTN 


\ oungstown 


COMPANY 


set. It is exceptionally easy to 
install, readily following ditch 
contours, saving many costly man- 
hours where other non-metallic 
pipes or coated metal pipes simply 
do not work effectively. 


The operating collapse strength 
of Fibercast is another major fac- 
tor in its wide-spread use. It has a 
proven capability of maintaining a 
collapse load of twice the rated col- 
lapse!* Moreover, Fibercast is 
much lighter than steel (less than 
4 its weight) and is correspond- 
ingly easier to handle, during both 
installation and maintenance. 


*An additional safety factor is that 
Fibercast, with its seamless woven 
glass fiber construction, cannot burst. 
Fibercast Fittings, of course, are 
also available for the new sizes. 
They represent the world’s most 
complete stock of standard sizes 


A DIVISION OF THE 


SHEET AND TUBE COMPANY 


and types. And, as always, you 
can have couplings, or even com- 
plete piping systems, designed and 
made to order for your individual 
requirements. 


ye 
see 


Get the full story on Fibercast’s 
cost-saving advantages to industry. 
Learn how it can help you solve 


your pipe and tube problems. Mail 


the coupon today. 


FIBERCAST COMPANY . 
Box 727, Sand Springs, Okla. \ 


Please send me further information 
about Fibercast Tube and Pipe. ..., 


Name 
Title 
Firm 


Type of Business 


Address 


City Zone State 
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The Variable Angle Beam Transducer 


This new transducer has been specially engineered for angle beam testing 
with the SONORAY® flaw detector. It incorporates a variable collimator 
designed to intensify the ultrasonic beam when needed. In addition to 
standard internal flaw detection, the variable angle beam transducer is 
also suitable for weld inspection and thickness gaging. The transducer is 
interchangeable in order to make the frequency fit the job. There are two 
versions of the variable angle beam transducer presently available: One 
for continuous water flow and the other with stationary water inside the 
shoe. The outstanding advantages are: 


@ Continuously adjustable for all angles, from straight to surface wave. 
@ Interchangeable transducer and beam collimators. 

® Suitable for high temperature work and rapid surface scanning. 

® Selection of shoes, flat or curved, to fit the surface of the work piece. 


The variable angle beam transducer is further proof of the technical 
ingenuity and know-how of Branson's Ultrasonic Test Division. The 
next time you have a testing problem call BRANSON and see how fast 
BRANSON will find the best solution in the shortest possible time. 


SINCE 1946 — THE RESPECTED NAME IN ULTRASONICS 


RANSON INSTRUMENTS, INC. 


Uitrasonic Test Division 
52 Brown House Road, Stamtord, Conn. 


ENGINEERS 


(Continued From Page 48) 


Dresser Industries, Inc., Bradford, Pa. 
He will direct sales of pipe joining and 
pipe repair products. 

@ 
D. W. Kaufman has been named prod- 
uct manager of stainless steels for Cru- 
cible Steel Company of America, Pitts- 
burgh 22, Pa. 


e 
William L. McMahon is sales repre- 
sentative in the Milwaukee area for 
Pittsburgh Corning Corporation, 1 Gate- 
way Center, Pittsburgh 22, Pa. His of- 
fice will be at 1024 East Ogden Ave., 
Milwaukee, Wis. 


+ 
Robert G. Meihls has been named dis- 
trict sales manager of the middle Atlan- 
tic states for Hill Hubbell Co., 3091 
Mayfield Rd., Cleveland 18, Ohio. 

e 
Ronald P. Remorenko has been pro- 
moted to assistant chief research engi- 
neer for Fafnir Bearing Co., 37 Booth 
St., New Britain, Conn. 

% 
Dowell Sellers is sales development 
manager of plastic materials for con- 
struction, B. F. Goodrich Chemical Co., 
3135 Euclid Ave., Cleveland 15, Ohio. 

@ 


NACE Member R. W. Maier, immedi- 
ate past chairman of the Pittsburgh 
NACE Section, has been transferred 
from the Pittsburgh general office of 
Gulf Oil Corporation to the Materials 
Engineering Division of Gulf Research 
& Development Co., Harmarville, Pa. 

e 
Lawrence O’Hanlon has been appointed 
chief design and application engincer for 
the filter division of the Meaker Com- 
pany, Nutley, N.J., subsidiary of the 
Sel-Rex Corporation. 

2 
David W. Lillie has been named man- 
ager of the Materials Application and 
Evaluation Section of the General Elec- 
tric Research Laboratory, Schenectady, 


ING 


® 
NACE Member Edward T. Wanderer 
has been appointed development man- 
ager of machinery and equipment, a new 
position in Aluminum Company of 
America’s development division, 1501 Al- 
coa Bldg., Pittsburgh 19, Pa. Ralph L. 
Horst, Jr., another NACE member, has 
been named manager of Alcoa’s chemical 
and petroleum section. 

r) 
John W. Paterno has been appointed a 
technical representative in the metro- 
politan New York sales region for Un- 
ion Carbide Plastics Co., division of Un- 
ion Carbide Corporation. He will be 
located in the company’s office at 1051 
Bloomfield Ave., Clifton, N.J. 

e 


Ralph W. Rawson will be general man- 

ager of the Chemical and Metallurgical 

Division of Fansteel Metallurgical Cor- 

poration at Muskogee, Okla. This divi- 

sion is a consolidation of the former 

chemical and metals fabrication divisions. 
% 


NACE Member Merrill A. Scheil has 
been elected national secretary of the 
American Society for Metals. He is di- 
rector of metallurgical research for the 
A. O. Smith Corp., Box 584, Milwaukee, 
Wis. 
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Truscon Makes Massive Breakthrough 


in The Protection of 


Steel Against Corrosion... With 


ChEM-ZINC 


READY-MIXED! 


From the laboratories of Truscon . . . a galvanic mate- 
rial that provides new control in the field-coating of 
structural steel, tanks, dam gates and other on-shore 
and off-shore installations. 

CHEM-ZINC is a ready-mixed zinc-filled coating 
that cures to an inorganic film. It is a single-application, 
complete, anti-corrosive coating. It can be over-coated, 
if desired, in as little time as 20 minutes at 77° F. 


CHEM-ZINC provives THESE DISTINCT ADVANTAGES... 


® Maximum control because it’s ready-mixed. No chance for 
improper mixing at job site. 


® No “pot-life” problem. 
® Self curing. 
® Unlimited storage life. 


® Resistant to rain, splash, turbulence and immersion in fresh 
or salt water—minutes after coating. 


@ Will not split or separate into thin layers. 


in 
L 
m \ 
/ Resists the 
Penetration / \ 
O Water / aa 


TRUSCON & 
Lrborciliries 


INC. 


------------4 


DIVISION OF DEVOE & RAYNOLDS COMPANY, 


TIN 


“Pack aGE gyst™ 


LEARN MORE about CHEM-ZINC in Truscon 
booth #55 at the N.A.C.E. Show. And, mail 
coupon for descriptive literature. 


TRUSCON LABORATORIES, 
1710 Caniff, Detroit 11, Michigan 


Name 
Firm 
Address____ 


Citys. 








For Copies of Papers Presented at the 


Oo rde r a rm NACE Buffalo Conference, March 13-17, 1961 


Use this form to order copies of NACE Conference Papers to NACE, 1061 M & M Bldg., Houston 2, Texas. Please PRINT your 
be printed by NACE. Indicate the number of copies of each complete MAILING ADDRESS in the box below which wil] be 
paper wanted in the appropriate place, carry the total down used as a mailing label on your copies of the papers. Delivery 
and compute the amount to be sent along with this order to will be as soon as possible after the conference ends. 


| COPIES | 


TITLE 


Paper | 
No. 


TITLE 


COPIES 








Nitrogen Tetroxide Corrosion Studies, by s 45 


C. W. Alley, A. W. Hayford and H. F. Scott, | 
Jr. | 


Corrosion Research and Control in Eldo- 
rado’s Beaverlodge Mill, by G. F. Col- 
borne, A. R. Allen and A. Thunaes. 





| Corrosion Characteristics of Iron-Aluminum | is 48 
| and Iron-Chromium-Aluminum Alloys in the | 
| Petroleum Industry, by R. B. Setterlund and 


| G. R. Prescott. wea ~ 54 


| Oxidation of Iron-Chromium Alloys, by D. 
| Lai, R. J. Borg, M. J. Brabers, J. D. Mac- 


kenzie and C. E. Birchenall. a 





| The Influence of Variables on the Corrosion 
of Copper-base Alloys in Refinery Systems, 


| by Mahmoud T. Dajani and David B. | ee 


| Boies 
| The Effect of Redox on Refinery Corrosion, 





The Use of Pipe-To-Soil Potential in Analyz- 


| ing Underground Corrosion Problems, by 
| Bernard Husock. 


The Electrochemical Approach to Cavita- 


tion Damage and Its Prevention, by H. S. 
Preiser and B. H. Tytell. 

Magnesium Anodes for the Cathodic Pro- 
tection of Naval Vessels, by L. J. Waldron 
and M. H. Peterson. 

Corrosion of Superalloys at High Tempera- 
tures in the Presence of Contaminating 


Salts, by A. Moskowitz and L. Redmerski. 








by C. B. Hutchison and W. B. Hughes. | I 


| Painter Safety, by L. S. Hartman. 





| Versamid-Epoxy Coatings—Corrosion Ap- | 64 | 


| plications, by Harold Wittcoff, Don E. 


| Floyd, David W. Glaser and Donald L. An- | “es 


dersen. 
| Protective Coatings for High Temperature 





| Service, by Gatewood Norman. _ = 





| A Method for Prevention of Hydrogen Em- 


| brittlement of Tantalum in Aqueous Media; | — 


by C. R. Bishop and Milton Stern. 





Titanium-Use in Oil Production Equipment, | | 


| by Ricardo Molina and F. W. Jessen. 





| The Casing Inspection Tool, An Instrument | | aa 


| for the In Situ Detection of External Cas- 

| ing Corrosion in Oil Wells, by T. R. 
Schmidt. 

| A Basis for Design of Aluminum Alloys for 

| High Temperature Water Service, by R. L. 
Dillon and H. C. Bowen. 





8] 





Iron Sulphate for Condenser Tube Control, 
by T. W. Bostwick. 


| The Unique Role of Plastics in Corrosion 


Control, by Raymond B. Seymour. 


Plastic Pipe Systems For Corrosion Resist- 
ance, by Allyn E. Webb and R. W. John- 


} son. 


A New Design for Reinforced Plastic Tanks, 
by W. R. Wardrop and F. H. Humphrey. 


Theory and Application of Deep Ground 


Beds, by J. F. Tatum. 


| Shot Peening for Protection Against Stress 


Corrosion Cracking, by Henry Suss. 


| Corrosion Measuring Sensors for Ships, by 


David Roller, Willard R. Scott, Jr., Herman 


| S. Preiser and Frank E. Cook. 
| Cavitation Erosion and Behavior of Ma- 


terials, by J. Z. Lichtman, D. H. Kallas, C. 
K. Chatten and E. P. Cochran, Jr. 











| Inhibition Studies in Reactor Decontami- 


| Gasketing For Corrosive Service, by Chas. 


| nants, by Ronald D. Weed. | 








| TOTAL | 
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Two More NACE 
Short Courses 
Are Scheduled 


Two more NACE corrosion short 
courses have been scheduled for 1961. 
They are the June 7-8 short course 
to be sponsored by the Teche Section 
at the University of Southwestern 
Louisiana at Lafayette, La. and the 
September 27-29 short course sponsored 
jointly by the Central Oklahoma Sec- 
tion and the University of Oklahoma. 
This second short course will be held on 
the University of Oklahoma campus at 
Norman. It will be the eighth annual 
corrosion control short course held at 
the University of Oklahoma. 

Other short courses on corrosion are 
listed in the calendar of national and 
regional meetings on Page 58. 


Canadian Region 


Toronto Section officers for 1961 re- 
cently elected are as follows: Chairman 
G. K. Dudgeon of British American 
Oil Co., Vice Chairman J. G. Fillo of 
3ell Telephone, Secretary D. Dowan 
of Corrosion Service Ltd., Treasurer 
G. L. Stone of Glidden Paint Co., Mem- 
bership Committee Chairman R. 
Gamey of Bell Telephone, Program 
Committee Chairman W. H. A. Hen- 
derson of Electric Reduction Co., and 
Trustee H. A. Webster of Corrosion 
Service Ltd. 

T. J. Maitland of American Tele- 
phone and Telegraph, New York City, 
spoke on engineering cathodic protec- 
tion systems for communications cables 
at the January meeting attended by 31 
guests and members. 

e 


Montreal Section heard H. Sadoughi of 
Quebec Natural Gas Corporation speak 
on cathodic protection of underground 
pipelines at the March 4 meeting. 

The section held a joint meeting on 
January 24 with the Steam and Steam 
Power Section of the Canadian Pulp 
and Paper Association. About 140 at- 
tended. Guest speaker was R. T. Han- 
lon of Alchem Limited, who spoke of 
the causes and prevention of corro- 
sion in condensate systems. 


NACE members who have not 
paid their 1961 association dues 
will be removed from mailing 
lists to receive CORROSION 
magazine and other association 
= effective March 31, 


This is in accordance with 


provisions in the NACE Articles 
of Organization and By-Laws. 





1962 CHAIRMAN for the 18th Annual NACE Conference will be Robert H. Goodnight 
(center), who is manager of heavy duty finishes division of Cook Paint & Varnish Co., North 
Kansas City, Mo. At left is NACE Executive Secretary T. J. Hull, and at right NACE Ex- 
hibition Manager R. W. Huff, Jr., discussing plans with Mr. Goodnight for the Kansas City 
meeting and 1962 Corrosion Show. Committee chairmen being selected for the 1962 Con- 
ference are scheduled for publication in the May issue. An NACE member since 1951, Mr. 
Goodnight is chairman of Technical Committee T-6B-17 (Chemical Cured Coal Tar Coatings) 
and has been a speaker at the Tulsa Section Short Course. 


Photographs and News Stories 


on Buffalo Conference 


Photographic coverage and news stories on the 17th Annual 
NACE Conference and 1961 Corrosion Show in Buffalo will be 
published in a special section of the April issue of CORROSION 


Magazine. 


Western Region 
San Francisco Bay Section 


Plans 4 Future Programs 


Program plans through September, 
1961; have been made by the San Fran- 
cisco Bay Area Section. Dates, speakers 
and topics are given below. No meet- 
ings are scheduled for June, July and 
August. 

March 20: Modern Chemical-Syn- 
thetic Coatings for Marine, Marine At- 
mosphere and Tank Ship Ballast Tank 
Applications by John R. Saroyan of 
Naval Paint Research Laboratories. 

April 14: Experiences With Under- 
ground Cathodic Protection, by Kent 
Lundergan of Electro-Rust Proofing. 
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May: Barbecue and tour of winery. 
September 12: Applications of Ca- 
thodic Protection, by Paul Offerman 
of Standard Oil Company of California. 


1961 Officers Elected 


Section officers recently elected for 
1961 were installed at the January 10 
meeting. They are Chairman Ernest F. 
Ehmke of Tidewater Oil Co., Asso- 
ciated, Cal., Vice Chairman George E. 
Moller of Union Oil Co., Rodeo, Cal., 
and Secretary-Treasurer Glenn P. Snarr 
of Bunker Hill Co., Oakland, Cal. 

9 
The 1961 Western Region Conference 
will be held at the Benson Hotel, Port- 
land, Ore., October 4-6. 

8 


NACE’s 18th Annual Conference and 
1962 Corrosion Show will be held at the 
Municipal Auditorium, Kansas City, Mo., 
March 19-23, 1962. 





re oad 


N RECORD ATTENDANCE of 306 is partially shown in upper left photograph of the opening 
Houston Sets ew session of the Houston Short Course. In upper right photograph is one group at the lunch- 
E i R d - = to — = R. 2 ton — pig te er nen on Texas, 
. J. Moreau of California Co., Harvey, La., W. D. Sanford of California Co., Barataria, 

nro ment ecor La., and George W. Gartner, Jr., of the F. W. Gartner Co., Houston. One of the informal 

A record enrollment of over 300 at- discussion groups that took place between formal sessions is shown in lower left: A. A. 
tended the February 2-3 corrosion con- Dunbar of Humble Pipe Line Co., Longview, J. M. Brooke of Phillips Petroleum Co., Sweeny, 
trol short course sponsored by the Texas, Jack Corbin of Nalco Chemical Co., Houston, and R. Comeaux of Humble Oil & 
Houston Section at the Rice Hotel. Refining Co., Baytown, Texas. In lower center photograph are Edward T. O'Rourke and 
Registrants came from nine states and Kirby L. Boston of Pittsburgh Plate Glass Co., Houston, and H. D. Collingsworth of Armco 
Mexico, with 80 percent of the enroll- Steel Co., Houston. In the center background is F. Parker Helms, one of the short course 
ment attending the short course for lecturers. In lower right photograph is General Chairman of the short course, J. A. Cald- 
the first time. well of Humble Oil & Refining, Houston in the center with James R. Boswell on the left 


Registrants also represented all levels and Bill Koehler on the right, both from Humble. 


of industry trom top executives to field 
technicians. Fifty percent of the at- 


tendants were from oil production, 20 @ 
percent from pipelines, 20 percent from S$ 6 u t lh C e€ n t r a j R 2 \* i 6 3 
refineries and chemical plants and the 
remaining 10 percent included men from 
utilities and engineering consulting 
firms. 
& 
Central Oklahoma Section has sched- 
uled Charles Hudgins to speak on cor- 
rosive properties of clear completion 
fluids at the April 10 meeting. 
Ray M. Hurd, vice president and re- 
search director of Texas Research As- 
sociates in Austin, Texas, will speak 
on the effect of molecular structure on 
chemisorption and corrosion inhibition 
at the March 6 meeting. 
* 


Teche Section saw two films on ca- 
thodic protection for its February 8 
meeting. The films were shown by Jack 
Davis of Cathodic Protection Service, 
Houston. 
® 
Alamo Section heard J. W. Gibson 
speak on anodic protection at its Janu- 
ary 19 meeting. 
5 

North Texas Section has scheduled a 
talk by Joe Rench of Napko Corp., 
Houston, on protective coatings for the 
March meeting. Zs 
* 
a a a ee a oe 1961 SHREVEPORT SECTION officers are (seated left to right) Vice Chairman D. A. 
O5t oes Chalet ole, tae Wine Tefankjian of Texas Eastern Transmission Corp., Chairman Grady F. Howell of Tube-Kote 
Phadnis es E Sinith ett A T Company, Secretary John W. Graves of United Gas Pipe Line Co., and (standing left to 

, ; , se Blige ; right) Treasurer W. E. Moore of Tretolite Co., and Trustee M. J. Olive of Corrosion Con- 

(Continued on Page 57) trol Associates. 
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| NACE |Non-NACE 





| 
*1956 Bibliographic Survey 
of Corrosion 22.50 27.50 





1957-58 Technical 
Committee Reports 


6.50 





*Proc. Short Course on 
Process Industry Corrosion 20.00 25.00 


Sulfide Stress Corrosion— 
A Symposium 





*High Purity Water 
Corrosion of Metals A 9.00 





Ground Anode Tests 
First Interim Report 





*Residual Oil Ash Corrosion 
and Bibliography ; 2.50 


Galvanic Anode Tests 
First Interim Report 





*Control of Pipe Line 
Corrosion by O. C. Mudd 





Testing 32 Alloys in Flow 
Stream of 7 Condensate Wells 





Cathodic Protection— 
A Symposium 


Correlating Committee Report 
on Cathodic Protection 





1945 Bibliographic Survey 


1946-47 Bibliographic Survey 


Mitigation of Underground 
Corrosion—]. M. Pearson 


10-Year Index 
to CORROSION 





~ Stress-Corrosion Cracking of 
Austenitic Stainless Steels 
(NACE and ASTM Report) 





1948-49 Bibliographic Survey 


1950-51 Bibliographic Survey 





Materials Deterioration 
in the Atmosphere 











1952-53 Bibliographic Survey 


Sulfide Corrosion— 
Three Papers 








1954-55 Bibliographic Survey 








1945 through 1955 Biblio- 
graphic Surveys (6 volumes) 


To NACE: 





High Silicon Cast Iron 
Anodes—Second Report 








High Silicon Cast Iron 
Anodes—Third Report 














GRAND TOTAL 


Please ship books and pamphlets as indicated above. 


Enclosed: $__ Check[_]. Money Order [_] 
Please Bill Me for $ 


Information Available 
on NACE Publications 


Persons interested in additional infor- 
mation about NACE publications are 
invited to write to NACE Central office, 
1061 M & M Bldg., Houston 2, Texas. 
Publications issued by NACE are pub- 
licized in the Association's journal 
CORROSION and are referenced in the 
various abstract services available. 
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CORROSION—NATIONAL 


tT BETTER 
aT 
rea 


AGRA INSTRUMENTS FOR 
TESTING CATHODIC PRO- 
TECTION SYSTEMS ARE 

PROVED MORE EFFICIENT 


AGRA 
PIPE-TO-SOIL 
VOLTMETER 


Perfect for accurately measuring pipe-to- 
soil, structure-to-structure, and anode-to- 
pipe potentials under any resistance 
conditions. Simple, fast, easy-to-operate 
and understand. Durable and compact; 
easily fits into one hand. 


FLANGE TESTER sca a 
Orr? 


Extremely accurate, and by far the least 
expensive available, it tests flanges to 
insure positive insulation. Operational 
simplicity makes it ideal for all conditions. 


(So 
coo aa 


PROD BAR 
| Tests Soil Resistivity 


Designed by a major gas company field 
supervisor, it has a unique, replaceable 
head which permits it to outlast other 
prods up to five times longer. Easily en- 
ters the hardest of soils; has many rugged 
features not found in other prods. 


For further information on this, or on the many other 
AGRA products designed to insure better cathodic 
protection through improved testing techniques con- 
tact your distributor, or write: 


ENGINEERING 
A A COMPANY 


1537 EAST 10th STREET, TULSA, OKLA, 


North Central Region 


ASSOCIATION OF CORROSION ENGINEERS 


CLEVELAND SECTION OFFICERS for 1961 are as follows: (seated in front, left to right) 
Chairman Peter P. Skule and Trustee John Scott; (standing left to right) Vice Chairman 
W. H. Hooker, Secretary-Treasurer Robert Schantz, Program Chairman E. Vereekee, J. F. 
Bosich, member of National Nominating Committee and A. V. Higgins, member of Ad- 


visory Committee of the section. 





Eastern Wisconsin Section has planned 
its programs through May as follows: 

March 6: Practical applications of 
cathodic protection, by H. F. Haase 
of Chain Belt Co., Milwaukee, and L. 
C. Wasson of A. O. Smith Corp., Mil- 
waukee. 

April 10: Latest Developments in 
Metal Spraying Plus Plasma Arc Proc- 
ess, by C. J. O’Boyle of Metco, Inc., 
Chicago, Ill. 

May 8: Corrosion Resistance of Cop- 
per Alloys and Aluminum Alloys, by 
Wilson Lynes of Revere Copper and 
Brass, Rome, N. Y. 

a0. Malone of Boshopric Products, 
Cincinnati, Ohio, spoke on epoxy coat- 
ings for corrosion control at the Feb- 
ruary 13 meeting. 

Walter R. Pasco of the Polymer 
Corp., Reading, Pa., discussed fusion 
bond coatings, a new technique for 
plastic cladding metal, at the January 
9 meeting. 

New officers for the section are 
Chairman R. D. Eberhardt of Allis- 
Chalmers, Vice Chairman T. E, John- 
son of Stainless Foundries and Engi- 
neering, Secretary-Treasurer L. C. Was- 
son of A. O. Smith Corp., Recording 
Secretary T. Quick of the Ladish Com- 
pany and Trustee D. D. Walczyk of 
A. O. Smith Corp. 

° 


Twin City Section heard Bernard Hu- 
sock of Harco Corp., Cleveland, Ohio, 
discuss cathodic protection with im- 
pressed current at the February 14 
meeting. 

For its January meeting, the section 
held a field trip to the Northern States 
Power Company’s Black Dog power 
plant. ° 


Chicago Section had T. J. Maitland of 
American Telephone and Tele graph Co. 
New York City, speak on engineering 
cathodic protection systems for com- 


munication cables at the January 17 
meeting, attended by 48 members and 
guests. 
® 

Southwestern Ohio Section had 59 
guests and members for its January 31 
meeting at Dayton. A tour of the Dur- 
iron Company plant and a panel discus- 
sion of cathodic protection were in- 
cluded. 


LaQue to Be Corporate 
Luncheon Speaker 


Frank L. LaQue, vice president 
of International Nickel Co., Inc., 
New York, N. Y., will be the 
speaker at the NACE Corporate 
Member Luncheon to be _ held 
Tuesday, March 14 during the 
17th Annual Conference in Buf- 
falo, N. Y. The luncheon is sched- 
uled to be in the Golden Ballroom 
of the Statler-Hilton Hotel, con- 
ference headquarters. 

A past president of NACE, Mr. 
LaQue will talk on the subject 
“Management’s Stake in Corro- 
sion Control.” 


NACE Members Omitted 
From Congress Author List 


Three NACE members were omitted 
from the list of authors on Page 57 of the 
February issue, who will participate in the 
First International Congress on Metallic 
Corrosion, April 10-15, in London, Eng- 
land. They are D. A. Shock, J. D. Sudbury 
and O L. Riggs of Continental Oil Co., 
Oklahoma City, Okla. Their paper to be 
presented at the congress is entitled “Use 
of Anodic Passivation for Corrosion Miti- 
gation of Iron and Alloy Steels.” 
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NEWS 


1961 APPALACHIAN UNDERGROUND Short Course Publicity Committee discussed promotion 
of the June 6-8 short course during its meeting in Pittsburgh, December 1. Standing left to 
right are William Andrews of Dresser Industries, John Vrable of New York State Natural 
Gas Co., and William Cook, Jr., of Pipeline Service Corp. Seated left to right are Dale 
Miller of Corrosion Magazine, Lance Heverly of Trans-Canada Pipelines, Ltd., Publicity Com- 
mittee Chairman John H. Alm of Dearborn Chemical Co., and Nick Panetta of Michigan 


Consolidated Gas Co. 


Greco to Give Opening Address 
At Appalachian Short Course 


NACE President-elect Edward C. 
Greco of United Gas Corp., Shreveport, 
La., will present the opening address at 
the Sixth Annual Appalachian Under- 
ground Corrosion 
Short Course to be 
held June 6-8 at 
West Virginia Uni- 
versity, Morgantown. 

The program as 
planned to-date lists 
about 65 papers for 
presentation during 
the course, covering 
basic, intermediate 
and advanced ses- 
sions on corrosion 
control as related to 
underground pipe, 
cable and water systems. 


Brian Cox Receives 
Young Author Award 


Brian Cox of the United King- 
dom Atomic Energy Authority’s 
Chemistry Division in England 
has been named to receive the 
NACE Young Author Award for 
1960. 

The award is in recognition of 
his paper titled “Oxidation and 
Corrosion of Zirconium and Its 
Alloys” published in the April, 
1960, issue of Corrosion. 

The NACE Young Author Award 
is given annually for the paper con- 
sidered the best published in Cor- 
ROSION by an author not over age 35, 


Ten new subjects have been added to 
the short course. Other features of the 
course are field demonstrations of cor- 
rosion control equipment, a three-hour 
open discussion on corrosion problems 
and an exhibit of materials and equip- 
ment in the corrosion control field. 

A record attendance of 600 registrants 
attended the 1960 short course. Spon- 
sored by West Virginia University and 
endorsed by NACE and American Water 
Works Association, the short course is 
considered one of the largest of its type. 
Sessions are designed to cover corrosion 
control topics for all job levels. 

Additional information about the short 
course can be obtained from John H. 
Alm, 2 Gateway Center, Room 605, 
Pittsburgh 22, Pa. 


South Central Region 


(Continued From Page 54) 


S. Hickman, Treasurer L. W. Riall and 
Trastee Jack Rowe. 

4 
Houston Section had 42 students attend 
its Student Night Meeting January 10. 
Guest students were from Rice Univer- 
sity, Lamar Technical College, Univer- 
sity of Texas, University of Houston 
and Texas A & M College. Guest 
speaker was Ray M. Hurd, vice presi- 
dent of Texas Research Associates in 
Austin. He spoke on corrosion oppor- 
tunities in engineering research. 

S. John Oechsle, Jr., executive vice 
president of Metalweld, Inc., spoke on 
marine corrosion at the February 14 
meeting. 


57 


Top guns in 
your 
anti-corrosion 
arsenal 


When you’re waging your battle 
against corrosion, it will pay you to 
have DeVilbiss spray guns for full 
covering coatings that provide greater 
protection on any surface—flat, re- 
cessed, irregular or angular. Appli- 
cation is far faster than any contact 
application method. 


STANDARD DEVILBISsS SPRAY GUNS 


‘(a.) handle practically any pourable 


protective finish. May be used with 
portable hot-spray outfit that puts on 
fuller covering films with minimum 
overspray. CATALYsT GUN (b.) with 
hot-spray outfit sprays urethane 
foams, other inert plural-component 
protective materials. AIRLESS SPRAY 
GuN (c.) used in conjunction with 
portable outfit, produces large spray 
pattern for ultra-fast coverage of 
broad areas. For full details on our 
complete line of spray equipment, 
write: The DeVilbiss Company, 
Toledo 1, Ohio. 


FOR TOTAL SERVICE, CALL 


DeEVILBISS 
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March 


13 Kansas City Section. 

13 Greater St. Louis Section. Process 
Industry Corrosion by A. S. Krisher. 

3 Central Oklahoma Section. 

3 North Texas Section. Torch Restau- 
rant, Dallas, 6:30 pm. 

14 San Francisco Bay Area Section. 

14 Permian Basin Section. 

14 Twin City Section 

14 Montreal Section. Corrosion Prob- 
lems Facing a Consulting Engineer. 

16 Vancouver Section. 

16 Alamo Section. 

21 Chicago Section. Corrosion Contrac- 
tors Panel Discussion. 

21 Kanawha Valley Section. 
Ohio. 

27 Tulsa Section. 

28 Panhandle Section. 


Marietta, 


Northeas 


28 Southwestern Ohio Section. Cincin- 
nati, Ohio. Inhibitors and Chemical 
Treatments for Corrosion Protection, 
by William D. Gordon. 

April 

5 Schenectady-Albany-Troy Section: 
Ladies’ Night. Corrosion in the 
Home, by E. A. Tice, International 
Nickel Co., Inc. 

10 Eastern Wisconsin Section: Latest 
developments in Metal Spraying 
Plus Plasma Arc Process, by C. J. 
O’ Boyle of Chicago. 

10 North Texas Section. 

10 Central Oklahoma Section. Corrosive 
Properties of Clear Completion 
Fluids, by Charles Hudgins. 

10 Kansas City Section. 

10 Greater St. Louis Section. 

11 Houston Section. 

11 Permian Basin Section. 

11 Twin City Section. 

12 Tidewater Section. 

12 Greater Boston Section. Corrosion 
in Boilers and Condensate Lines, by 
Douglas FE. Noll. 

14 San Francisco Bay Area Section. 
Experiences with Underground Ca- 
thodic Protection, by Kent Lunder- 
gan of Electro-Rust Proofing. 


t Region 





OLD AND NEW OFFICERS were honored at the Metropolitan New York Section’s Christmas 
Party. At top are shown the 1961 officers left to right: Chairman S. N. Palica, Vice Chair- 
man R. E. Gackenbach, Trustee B. C. Lattin and Secretary-Treasurer G. W. Kurr. In 
bottom photograph are shown two founders of the section and two past chairmen: (left 


to right) W. B. Shaw (past chairman), L. Donovan (founder), E. P. Noppel (founder) and 


F. E. Kulman (past chairman). 


Philadelphia Uses Phone 
Chain to Remind Members 


Almost 80 members and guests at- 
tended the February 7 meeting of the 
Philadelphia Section despite unfavorable 


weather predictions and private and 
public transportation problems. The 
large attendance was attributed to a 


telephone chain set up by the section 

to remind members of the meeting. 
A panel discussion on coatings was 

held for the program, moderated by 


Edward Brink of American Viscose 
Corporation. Panel members were Ken- 


neth Lefevre of Metalweld_ Corpora- 
tion and Joseph Walters of Electro- 
Chemical Engineering & Mfg. Com- 


pany. 
® 

Wilmington Section heard R. C. Can- 

apary of Nalco Chemical Company 

speak on film-forming and anti-fouling 

inhibitors at the January 25 meeting. 
* 

Sale of books in the United 

totaled $630 million in 1959. 


States 


ENGINEERS Vol. 17 
18 Cleveland Section. 
18 Chicago Section, Corrosion Prob- 


lems in Nuclear Reactors, by Sher- 
man Greenberg, Argonne National 
Laboratories. 

18 Baltimore-Washington Section. Char- 
acteristics of Hot Dip Galvanized 
Coatings, by H. R. Breslau. 

20 Vancouver Section. 

20 Alamo Section. 

24 Tulsa Section. 

25 Panhandle Section. 


25 Southwestern Ohio Section. Steels 


That Fight Corrosion, by John J. 
Halbig, Armco Steel Corp. To be 
held at Connersville, Ind. 





1961 

March 12—NACE Board of Director’s 
Meeting, Hotel Statler, Buffalo, N. Y. 

March 13-17—17th Annual Conterence 
and 1961 Corrosion Show, Buffalo, 
N. Y., Hotel Statler. 

March 17—NACE Board of Director’s 
Meeting, Hotel Statler, Buffalo, N. Y. 

Oct. 4-6—Western Region Conference, 
3enson Hotel, Portland, Oregon. 

Oct. 9-11—North Central Region Con- 
ference, St. Louis, Chase Park Plaza 
Hotel. 

Oct. 24-27—South Central Region Con- 
ference and Exhibition, Shamrock- 
Hilton Hotel, Houston. 

Oct. 30-Nov. 2—Northeast Region Con- 
ference, New York City, Hotel Statler. 

Nov. 27-Dec. 1—Southeast Region Con- 
ference and Florida General Confer- 


ence Short Course, Key Biscayne 
Hotel, Miami, Fla. 

1962 

March 19-23—18th Annual Conference 
and 1962 Corrosion Show. Kansas 


City, Municipal Auditorium. 

October 1-4—Northeast Region Confer- 
ence, Hotel Sheraton Ten Eyck, AIl- 
bany, N. Y. 

October 9-11—North 
Conference. 

October 11-12—Southeast Region Con- 
ference, Birmingham, Ala. 

October 16-19—South Central Region 
Conference and Exhibition, Granada 
Hotel, San Antonio. 

1963 

March 18-22—19th Annual Conference 
and 1963 Corrosion Show. Convention 
Hall, Atlantic City, N. J. 

October 14-17—South Central Region 
Conference, Oklahoma City, Okla. 


SHORT COURSES 


Central Region 


1961 

June 5-9—Corrosion Short Course, co- 
sponsored by NACE Greater St. Louis 
Section and Washington University, 
to be held at Washington University, 
St. Louis. 

June 6-8—6th Annual Appalachian 
Underground Corrosion Short Course, 
University of West Virginia, Morgan- 
town. 

June 7-8—Teche Section Short Course, 
University of Southwestern Louisiana, 
Lafayette, La. 

June 20-21—Greater Boston Section 
Corrosion Short Course, Wentworth 
Institute, Boston, Mass. 

Sept. 27-29—8th Annual Central Okla- 
homa and University of Oklahoma 
Corrosion Control Short Course, Nor- 
man. 


Ma 
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CAJUN COFFEE 







“TURNKEY” 
CORROSION 
PREVENTION 
SYSTEM FOR 
MONTEREY 

529 WELLS... 
529 RECTIFIERS 
















= es = = Aidt, : 3 ke 
> To protect the 529 active : i 


== wells in the “north dome” === 
¢ of the Fullerton Clearfork =, 
* S unit in West Texas, Monte-:. 
«. rey Oil Co., unit operator . ~ 
called on Cathodic Protection 
Service for a “Turnkey” in- 
stallation. The result was a 
“complete system of individ- .. 4+ 
ual rectifiers for each well 
with a single meter point. 
With this system, Monte- 
rey expects complete protec- 
tion from external corrosion 
for the entire thirty-year life — 
of the unit. “ 
Large or small, whatever 
ae your corrosion problem, let 
one of our 20 experienced 
engineers show you how CPS 
can help with a turnkey ca- 
thodic protection installation. 
Call, wire or write the CPS 
office nearest you. 
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Letters to 


the Editor 


Majority Opinion Favors Belief 
A-C Corrosion Problem Insignificant 


Portland General Electric Company 
Portland 5, Oregon 
August 23, 1960 
Editor of Corrosion : 

Your editorial (Beware of Ground 
Return Circuits in Electrification, Au- 
gust 1960) is going to bring you a lot 
of mail, because the corrosion condi- 
tions you deplore are caused by direct 
current or self-rectification of radio fre- 
quency currents, whereas the electric 
utility system “ground returns” men- 
tioned are 50-60 cycle a-c which is tech- 
nically and historically non-corroding. 

In the USA, the use of the earth for 
a return on a-c circuits is very wide- 
spread, both for primary feeders, espe- 
cially in REA construction, and in sec- 
ondary distribution. No corrosion is at- 
tributed to these ground returns. 

Even in those cases in which the 
“neutral” return is a metallic wire, this 
wire is grounded at many points and 
the earth becomes a parallel path for 
the currents. At substations where these 
parallel paths converge, the A-C ground 
currents are often very large, yet they 
do not corrode the ground system metal 
at the substation, whether it be of steel 
or copper. 

Yours very truly, 
Delmar L. Brown 
Superintendent, Testing Dept. 


Pacific Gas and Electric Company 
Department of Engineering Research 
Emeryville 8, California 

October 18, 1960 
Editor of Corrosion : 

I am quite disturbed by the editorial 
“Beware of Ground Return Circuits in 
Electrification” in the August 1960 issue 
of “Corrosion.” 

It appears to me that this editorial 
does not properly differentiate between 
the effects of alternating and direct cur- 
rent electricity. 

From a corrosion standpoint, the 
transmission of alternating current using 
ground return, cannot be compared with 
corrosion problems which have been 
caused by direct current used on street 
railways. 

In my opinion, alternating current of 
common transmission frequencies does 
not cause corrosion. I am sure many 
other engineers working in the field of 
corrosion are of the same opinion, while 
a few believe a-c corrosion may some- 
times occur under very special condi- 
tions. 

At times there is considerable alter- 
nating current flowing in the earth, 
ground beds, ground rods, and various 
underground structures caused by un- 
balanced load conditions. We have never 
encountered a case of corrosion that 
could be attributed to this alternating 
current. 

Many of the electrical utility com- 
panies are often being blamed for seri- 
ous corrosion of customers’ piping, hot 
water heaters, swimming pool equip- 
ment and other metallic structures be- 
cause they have heard of the term “elec- 


trolysis” and readily assume their prob- 
lem is caused by alternating current 
from some nearby transformer. Of the 
many such cases we have investigated 
over a number of years, none could be 
attributed to alternating current. 

Until sufficient research has been done 
in the field of a-c corrosion to properly 
evaluate and specify what the special 
conditions are when a-c corrosion may 
occur, I feel that “Corrosion” has done 
a disservice to the entire electric utility 
industry by this editorial. I believe that 
“Corrosion” should publish a disavowal 

p 

of such a drastic statement or as a mini- 
mum, point out the dissimilarity be- 
tween the problems of a-c and d-c cor- 
rosion, 

Yours very truly, 

Roy O. Dean, 

Senior Corrosion Engineer 


The Electricity Authority of 
New South Wales 
North Sydney, NSW 
31 October 1960 
Editor of Corrosion : 
Beware of Ground Return Circuits in 
Electrification 

Under the above heading “An Edito- 
rial” in Corrosion August, 1960, Volume 
16, No. 8 page 7 refers particularly to 
dismay in learning that in Australia a 
scheme is in use whereby electric power 
is brought to rural areas using earth 
for return. To imply as is done in this 
editorial that such a practice will raise 
problems comparable with those result- 
ing from the operation of direct current 
traction systems is a very serious alle- 
gation when no technical arguments are 
brought forward in substantiation. 

Whilst such technical arguments were 
not to be expected in an editorial ar- 
ticle, nevertheless The Electricity Au- 
thority of New South Wales has done 
much to encourage within this State 
the development and use of Single Wire 
Earth Return systems where particular 
economic considerations have warranted 
and would therefore greatly appreciate 
disclosure in your publication of the 
sources of information on which the 
conclusions were based. 

Economic considerations enter very 
greatly into the problem and it would 
probably not be difficult to establish that 
in the “remote regions” where the system 
has been used the return from the in- 
vestment will have justified installation 
within much less than the time men- 
tioned in the editorial article and in any 
case the implied desirable conversion to 
an equivalent three-phase system would 
not then be difficult of achievement. 

Whilst the remarks concerning high 
voltages involved cannot be taken seri- 
ously the suggestion of calamitous con- 
sequences arising from the sudden de- 
velopment of thriving industrial com- 
munities in the areas in this country 
where the system has been installed is 
not only unlikely but its solution would 
not daunt the engineering staff that 
would be concerned. 
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It is believed that there are a greater 
number of installations of Single Wire 
Earth Return systems in the State of 
Victoria and with respect to the edito- 
rial article in question the Sydney Elec- 
trolysis Committee working under the 
aegis of this Authority has contacted the 
Melbourne Electrolysis Committee 
within the State Electricity Commission 
of Victoria who are wholly in accord 
with this protest now being presented. 

In conclusion it is repeated that it 
would be appreciated if some substan- 
tiation could be given or literature 
quoted that would explain some of the 
argument of the editorial and afford 
some guide as to why so much dismay 


has been felt. 
S. E. Parry 
(Chairman) 


United States Department of 
Agriculture 
Rural Electrification Administration 
Washington 25, D. C. 
October 12, 1960 
Editor of CoRROSION : 
We have seen the article entitled “Be- 
ware of Ground Return Circuits in Elec- 
trification” in the August issue of Cor- 
ROSION, and are concerned about mis- 
understandings that may result from it. 
The editorial is very appropriate in re- 
gard to direct current circuits, but un- 
fortunately it does not mention the very 
important difference between direct cur- 
rents and alternating currents in causing 
corrosion. 

Effects of direct currents in the earth 
in causing corrosion are well known; in 
fact, the amount of metal removed due 
to a direct current can be estimated 
quite reliably from the measured cur- 
rent, and the valence and atomic weight 
of the metal. On the other hand, the 
corrosion effects of alternating currents 
in electric systems are so slight that 
they usually are not considered impor- 
tant. The same would be expected in 
radio-frequency systems. 

There is a need for further study of 
conditions that may result in alternating 
current corrosion, as is pointed out by 
Mr. F. E. Kulman in his paper. How- 
ever, we believe that the serious limita- 
tions upon ground return alternating 
current circuits arise because of limited 
capability of the circuits and increased 
difficulty in achieving safety, not in the 
likelihood of corrosion problems. 

Orville W. Zastrow 

Chairman, Committee T-4A 

Effects of Electrical Grounding 
on Corrosion 


Harry Farnsworth Brown 
Consulting Engineer 
New Haven, Connecticut 
October 12, 1960 
Editor of Corrosion: 

Your editorial “Beware of Ground Re- 
turn Circuits in Electrification” in the 
August issue of Corrosion will cause 
needless concern to many engineers 
dealing with corrosion problems who are 
not fully conversant with electric power 
distribution problems. 

Alternating current should never be con- 
fused with direct or continuous current in 
so called “electrolysis” problems. 

In this editorial, the problems of the 
economic distribution of relatively small 
amounts of isolated blocks of alternat- 
ing current electricity supply to rural 
areas, by adequately grounding one side 
of a single-phase circuit at the supply 
transformer and at the several consump- 
tion points, and omitting the line con- 
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ductor between the grounded points, are 
being confused with and compared with 
the problems which still exist in many 
ireas, both urban and rural due to stray 
lirect current caused by the potential 
lrop in the rail return circuit of street 
ailways and other electrified railways 
ising direct current for propulsion. The 
rroblems are not at all similar. 


Alternating current has been used on 
lectrified railways with rail return in 
his country for more than 50 years in 
arge areas having many valuable in- 
vestments in underground metallic 
tructures. The important railways op- 
‘rating all the way from New Haven, 
Conn., to Washington, D. C., and to 
Harrisburg, Pa., have been and still are 
»perated in this manner. 

Regardless of how well bonded the 
rail return circuit may be on either al- 
ternating current or direct current rail- 
ways, there will always be a large per- 
centage of the return current leaving 
the rails due to their electrical resist- 
ance, and returning through the ground, 
whenever the car or train using this 
current is at a distance from the supply 
point or points. Some of this ground 
current may enter and leave any under- 
ground metallic structures in the imme- 
diate vicinity of the railway. 

A certain amount of corrosion will 
always occur in any unprotected buried 
metallic structure, due to a number of 
local causes known to the corrosion en- 
gineer, even in areas remote from any 
electric power systems. The corrosion 
of such structures may become greatly 
augmented where stray direct current 
leaves such structures and re-enters the 
ground, unless protective or mitigative 
measures are taken. 


In the cases where stray current from 
these railways electrified with alternat- 
ing current has entered or left the un- 
derground metallic structures in these 
areas from or to the surrounding earth, 
it has never been conclusively proved 
that the corrosion of these underground 
structures has been augmented by the 
stray alternating current, The writer 
was for many years electrical engineer 
for one of these railways, and has 
worked with and conferred with the en- 
gineers of the various communication, 
power, water and gas companies having 
extensive underground cables and pipes, 
with their corrosion problems, in parts 
of this area, and can make this consid- 
ered and unqualified statement: 


During the period 1930-1940, and since 
the war, the Rural Electrification Ad- 
ministration applied to numerous rural 
areas in this country the very same sin- 
gle-wire, single-phase alternating cur- 
rent distribution scheme your editorial 
condemns for application in India. 

Further, nearly every high tension 
electric power line in this country is 
connected at each end, and at taps or 
branches, to “wye” connected trans- 
formers, with their neutrals securely 
grounded. There are always possibilities 
of slight alternating currents due to any 
small phase unbalance, in the ground 
between these connections. Nearly all 
of these lines are protected by a 
“ground wire” carried above them. A 
small amount of alternating current is 
always induced in this wire from the 
power conductors, which is drained off 
to the ground at regular intervals, 
usually at each steel tower. 

In nearly every home and commercial 
building in this country serviced with 
electricity, the electrical circuits of the 
alternating current power supply are se- 
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curely grounded or connected to the 
water pipes for safety and protection, 
because it is well known that any stray 
alternating current can cause no appre- 
ciable underground deterioration of such 
pipes. The possibility always exists of 
some stray or balancing alternating cur- 
rent flowing from these pipes into the 
surrounding earth. If alternating current 
did cause appreciable corrosion to un- 
derground metallic structures, there is 


1961 Corrosion Show 
Color Slide Presentation 


A color slide-talk presentation 
covering the 1961 Corrosion 
Show and the 17th Annual 
NACE Conference in Buffalo 
will be available from NACE 
Central Office after April 15 for 
showings at section meetings 
and before other groups. 


a greater hazard due to this grounding 
practice in our large cities, than could 
be attributed to any rural electrification 
scheme with ground returns. 

In the article referred to in the edito- 
rial relative to the cathodic protection 
of the Lacq Field Well Casings, in 
France, it should be pointed out that 
the stray current involved was from 
the railways electrified in this case with 
1500 volts direct current. 

The National Electrical Code, ap- 
proved as an American Standard by the 
American Standards Association in 1946, 
has this to say about the grounding of 
alternating current systems in build- 
ings: 

GROUNDING ELECTRODES 
2581. WATER PIPE. A continuous 
metallic underground water piping 
system shall always be used as the 
grounding electrode where such pip- 
ing system is available. 

Obviously, such a rule would have 
been permitted only if it was the con- 
sidered opinion of qualified engineers 
that no corrosion hazards are involved 
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from alternating currents in under- 
ground metallic structures. 
May I suggest that this editorial be 
modified and clarified. 
Harry F. Brown 
Member, NACE 


Editor of Corrosion : 

I wish to comment on the editorial 
on page 7 of your August edition cap- 
tioned “Beware of Ground Return in 
Electrification.” There can be no doubt 
that the author of this article is fully 
aware of the enormous difference—or- 
ders of magnitude—between the corro- 
sion effects of alternating current as 
compared to that of direct current. He 
must, therefore, have overlooked the 
fact that the earth current in the system 
discussed by Atkinson & Garg inher- 
ently is alternating current also that, to 
insure against communication interfer- 
ence, the earth current will not exceed 
about 10 amperes in any area. 

Not for your editor, who does not 
need the explanation, but for those of 
your readers whom it may help, it is 
worthwhile to point out the theoretical 
reasons for this difference as well as 
some of the data of practical experience. 
The big reason for the difference in the 
effect of a-c and d-c is the electro-chem- 
ical effect of the reversal. The hun- 
dredth of a second for the current to 
reverse in direction does not give time 
for corrosion products to diffuse away 
from the surface before the reversal of 
the current brings about the reverse of 
the chemical effect—the change from 
an oxidizing to a deoxidizing state. The 
result is a substantial neutralization of 
the action in the previous half-cycle. In 
addition the current flow in one direction 
for a given number of amperes of alter- 
nating current is only % as much as for 
the same number of amperes d-c. (In- 
deed, taking into account that the aver- 
age value of a-c is somewhat less than 
the effective—the measured value—this 
factor is more than 2.) Others may prefer 
to express the difference between a-c and 
d-c in another manner but the distinction 
is clear to most engineers. Quantitative 
evaluation of the degree of difference 

(Continued on Page 62) 


CORROSION RECTIFYING COMPANY 


The Only Fully Diversified Organization 
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Protection @ Chemical Treatment ® Scale 
Treatment ® Coating Applications 
® Paraffin Treatment 
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You save time and money by using CORECO’S fully 
diversified services. 


HOME OFFICE: 


Telephone 


5310 Ashbrook, 
Houston 36, Texas 


MO 7-6659 


BRANCHES IN NEW ORLEANS, DALLAS 








CORROSION—-NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


(Continued From Page 61) 


can best be made by reference to typical 
and extensive experience. 

One particular application of large 
underground power transmission has 
given reason for careful systematic 
scientific and practical study of the 
characteristics of a-c with respect to 
corrosion. When large alternating cur- 
rents are carried in single conductor 
lead-covered cables, very considerable 
alternating voltage is indeed between 
the sheaths and the surrounding earth 
(usually conduit). While lead sheaths 
have been very vulnerable indeed to 
electrolysis from d-c current, these 
cables have been remarkably free from 
damage due to this alternating voltage. 
(Actually no damage has been re- 
ported.) To insure against damage, it 
is common to limit the a-c potential 
from sheath to surroundings to about 
15 to 25 volts. Such a voltage, if d-c, 
would commonly produce extremely 
rapid corrosion. Of course, the small 
a-c currents in the electrification proj- 
ects discussed by Atkinson & Garg, will 
produce voltages from any underground 
structure to the surrounding earth of 
only a small fraction even of this value 
known from extensive experience to be 
fully safe. How extensive this practical 
experience is with a-c potential from 
underground metal in contact with the 
earth may be visualized from the fol- 
lowing figures. Cables which operate 
with considerable a-c voltage to earth 
transmit a total of many millions of kilo- 
watts of power. Thousands of miles and 
scores of millions of dollars worth of 
cables are involved. 

Of course, all this does not mean that 
corrosion can not occur as a result of 
a-c; indeed it is known that corrosion 
can be caused by a-c. But does it mean 
that, only with fear and trembling can 
we accept underground flow of a-c of 
whatever magnitude? Does it mean, for 
instance, that even communication or 
signaling circuits cannot, if desired, use 
ground return? Obviously that is re- 
ductio ad absurdum. 

But fear of significant corrosion due 
to current normally not exceeding 10 
amperes is for practical purposes, quite 
as groundless. For example, commonly, 
in the case of our numerous rural and 
urban multi-grounded power lines, there 
are earth currents as great as this. 
There is little doubt that many of the 
numerous pipe lines of this country pass 
through the areas where there is such 
underground flow of alternating cur- 
rents. It would be interesting to know 
whether any special means have been 
taken in these regions to provide against 
corrosion by alternating current. It is 
probable that no harm has come to the 
pipe lines passing through these regions 
even if no special means of protection 
are used; however, if protection is 
deemed desirable, the requirement could 
be readily and inexpensively met. 

The whole point to be emphasized 
here is that the use of ground return 
as shown in the Garg-Atkinson paper 
does not introduce any conditions relat- 
ing to corrosion that have not long 
existed harmlessly in this country. 


R. W. Atkinson 
Westfield, N. J. 


October 20, 1960 
Editor of CorRosIoN : 
Comments On Editorial 
Page 7, August 1960 Issue 


I have read the subject editorial with 
a great deal of interest and agree that 
the use of ground return circuits should 
be avoided. However, I feel that alter- 
nating current ground returns will not 
cause any particular problem from the 
standpoint of corrosion per se. I can see 
that some problems might occur where the 
return current will seek metallic structures 
and overload insulated joints, etc. hence 
causing difficulties with the operation of 
cathodic protection systems. 

Inherent in such a system is the pos- 
sibility of operating problems for the 
electrical power supplier and consumer 
due to unbalanced voltages in single 
phase systems and of safety hazards 
appearing where the metallic path is 
broken. Therefore, it is highly improba- 
ble that alternating current ground re- 
turn systems will ever be adopted to any 
appreciable extent. Such systems are not 
sanctioned in the United States by the 
National Electric Code. 

I feel that a definite operating and 
safety problem is involved but very 
little, if any, corrosion problem. Cer- 
tainly this matter merits further con- 
sideration and study and going a little 
deeper into the problem that is done in 
the editorial. Without exception, I be- 
lieve the editorial uses examples where 
direct current has caused a corrosion prob- 
lem by ground return current rather than 
alternating current. 

Your editorial might prompt some un- 
thinking person to remove a-c grounds 
where they are needed for safety’s sake. 


Glyn Beesley 


October 7, 1960 
Editor of CoRROSION : 

On reviewing the letters from the read- 
ers of Corrosion, all of whom are asso- 
ciated with the electrical industry, the 
following thoughts are suggested: 

The a-c electrified railroads use the 
running rail as the return conductor. 
The running rail is laid on wood ties set 
in well drained broken stone or gravel 
ballast. Thus only a minor portion of 
the current is returned via the earth. 
The designers apparently were aware of 
ground return circuits. 

The REA overhead system carries a 
metallic return conductor which is 
grounded at numerous points. Again, 
only a portion of the current is returned 
via the earth. 

Favorable experience with a-c voltages 
on bare lead sheath cables is not suffi- 
cient assurance that corrosion will not 
occur at coating breaks in a steel or 
aluminum pipeline. 

Letters from people in the water in- 
dustry are conspicuously absent but may 
start coming in when the present letters 
are published. These people hold views 
which would impute not only corrosion 
but bad odor and taste to alternating 
currents in water pipes. 

If as much effort were expended in 
laboratory investigation of a-c corrosion 
as in defending opposing views we could 
forget about a-c corrosion where it does 
not exist and concentrate our efforts on 
mitigating it where the conditions favor 
its occurrence. 

The American Gas Association is plan- 
ning to have research on a-c corrosion 
started early in 1961. 


F. E. Kulman 


Editor’s Reply: 
Questions on A-C 
Corrosion Unanswered 


We acknowledge an error in not 
distinguishing between d-c and a-c 
current. The term “stray current 
corrosion” has generally been con- 
cerned with d-c current and the 
dangerous effects of these currents 
are well known today. They were 
not generally recognized before 
the advent of cross-country pipe- 
lines. With the reduction in num- 
ber of electric railroads and street- 
cars, this problem has disappeared 
in many areas. 

However, the a-c current prob- 
lem cannot be ignored. There are 
instances where the only explana- 
tion available attributes the corro- 
sion to a-c current. J. D. Piper 
reported™ that tower footings 
having ground connections cor- 
roded faster than those without. 
Aluminum conductors have _ suf- 
fered corrosion while energized 
with alternating current and sub- 
merged in water.” There is con- 
cern about effect of induced currents 
from overhead electric services on 
coated pipelines. 

There is a need for more work 
in this area. The paper by F. E. 
Kulman presented to the 1960 
American Gas Association Operat- 
ing Section Distribution Conference 
is reprinted in this issue begin- 
ning on Page 34 with permission 
of American Gas Association. This 
article gives a historical review 
and summarizes the state of the 
existing knowledge. There are 
many unanswered questions, but 
this does not mean that we can 
ignore the problem. We firmly 
believe that there are dangers both 
from safety and corrosion stand- 
points when earth is used for re- 
turn of current, whether it be d-c 
or a-c. ts: , 

On a well-coated pipeline, in- 
duced voltages can are across in- 
sulated flanges. To prevent this, 
pairs of zinc anodes were installed 
at the flanges to permit current to 
cross without arcing.” 

References 
“) Corrosion, 12, No. 3, 119t-125t (1956). 
@® PF, E. Kulman, NACE Project Group 

T-4B-1C on AC Corrosion, Aluminum 
conductors submerged in manhole 
water while energized at 120 volts 
with alternating current lost about 
two inches of the end of one con- 
ductor in about five months. Water 
contained chlorides, sulfates, car- 
bonates and bicarbonates. In labora- 
tory tests under similar conditions, 
aluminum cable corroded. The hypo- 
thesis explaining the reaction is that 
during the half-cycle when the alu- 
minum is at negative polarity, an 
alkali (sodium hydroxide) is formed 
next to the aluminum. The alkali 
dissolves the normally protective film 
and some of the base metal. During 
the next half cycle, the current flows 
from the aluminum into the electro- 
lyte, removing some of the aluminum 
and partly reforming the film. In 
time the layer of corrosion products 
formed tends to maintain an alkaline 
condition at the aluminum surface in 
spite of alterations in polarity. 

This reaction apparently does not 
apply to other metals ... lead, for 
example, which has operated for 
many years in some installations with 
60-cycle voltages over 12 with respect 
to earth without apparent damage. 

®E, H. Thalman. Galvanic Anodes 

Control Induced Voltages on Pipelines. 

Corrosion, 10, No. 11, 367 (1954) No- 

vember. 
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Corrosion control positive: 


FEDERATED GALVANIC ANODES 


and other non-ferrous protective materials 


Federated galvanic anodes, specially designed to protect pipe- 
lines and other buried structures, are just one of the wide range 
of Federated materials to control corrosion. Federated’s Corro- 
sion Advisory Service can recommend the best for you . . . mag- 
nesium or zinc anodes; lead sheet, pipe, and fittings; zinc and 
zinc alloys for galvanizing; copper and aluminum alloys; and 
plating materials that include nickel, copper, lead, cadmium, zinc 
and silver anodes, nickel salts and addition agents for plating 
baths. For complete data, write or call—Federated Metals Divi- 
sion, American Smelting and Refining Company, 120 Broadway, 
New York 5, N. Y. or a nearby Federated sales office. 


Where to call for information: 


ALTON, ILLINOIS 
Alton: Howard 5-2511 
St. Louis: Jackson 4-4040 


BALTIMORE, MARYLAND 
Orleans 5-2400 


BIRMINGHAM, ALA. 
Fairfax 2-1802 


BOSTON 16, MASS. 
Liberty 2-0797 


CHICAGO, ILL. (WHITING) 
Chicago: Essex 5-5000 
Whiting: Whiting 826 


CINCINNATI, OHIO 
Cherry 1-1678 
CLEVELAND, OHIO 
Prospect 1-2175 
DALLAS, TEXAS 
Adams 5-5034 
DETROIT 2, MICHIGAN 
Trinity 1-5040 

EL PASO, TEXAS 
(Asarco Mercantile Co.) 
3-1852 

HOUSTON 29, TEXAS 
Orchard 4-7611 


LOS ANGELES 23, CALIF 
Angelus 8-4291 
MILWAUKEE 10, WIS. 
Hilltop 5-7430 
MINNEAPOLIS, MINN. 
Tuxedo 1-4109 

NEWARK, NEW JERSEY 
Newark: Mitchell 3-0500 
New York: Digby 4-9460 


PHILADELPHIA 3, PENNA. 


Locust 7-5129 
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3. CHARACTERISTIC 
CORROSION PHENOMENA 


3.2 Forms 


3.2.3, 3.7.4, 3.4.7, 6.3.6, 4.6.5 

The Oxide Films Formed on Copper 
Single Crystal Surfaces in Pure Water. 
Pt. I. Nature of the Films Formed at 
Room Temperature. Jerome Kruger. 
National Bureau of Standards. J. Elec- 
trochem. Soc., 106, No. 10, 847-853 
(1959) Oct. 


A study was made of the nature of 
the films that formed on carefully pre- 
pared surfaces of single crystals of cop- 
per immersed in water containing vary- 
ing amounts of oxygen, with the 
surrounding atmosphere both controlled 
and uncontrolled. It was found that the 
amount of oxidation depended on the 
crystallographic orientation of the metal 
surface. Cuprous oxide was the oxide 
observed if pH 5.7. Intense white 
light markedly retarded film formation 
in water. When cuprous oxide was 
formed, it had a perferred orientation 
and exhibited epitaxial relationships to 
the metal similar to those found in 
high-temperature oxidation. The films 
formed were not continuous but were 
composed of small nuclei of cuprous 
oxide. Both cuprous oxide and cupric 
oxide were formed at pH 7 when the 
water was in equilibrium with an atmos- 
phere of pure oxygen. Lowering the pH 
converted cupric oxide to cuprous oxide. 

19261 


3.2.3, 4.6.1, 3.6.3 

Some Properties of Oxide Films 
Formed during Aqueous Corrosion. J. S. 
Llewelyn Leach. J. Inst. Metals, 88, 
Pt. 1, 24-30 (1959) Sept. 

During the aqueous corrosion of cer- 
tain alloys, sharp changes of corrosion 
rate are observed. The presence of cor- 
rosion-product H has been associated 
with these effects. Measurements of the 
electrical capacity and conductivity of 
the surface oxide layers formed on 
uranium alloys suggest that the effect 
of hydrogen is to change the conduc- 
tivity without altering the thickness of 
the layer. The relationship between the 
conductivity and the rate of corrosion 
is discussed.—BTR. 19287 


3.2.3, 6.3.6, 3.7.4 

An_ Electron-Microscopic Study of 
the Formation of Oxide on Copper 
Single Crystals Immersed in an Aque- 
ous Solution of Copper Sulphate. G. 
Tyler Miller, Jr. and Kenneth R. Law- 
less. J. Electrochem. Soc., 106, No. 10, 
854-860 (1959). 

On immersion of a copper crystal in 
aqueous CuSO, with pH equal 3.8 an 
oxide film 20-30 A thick is immediately 
formed. Some oxide crystals continue 
to grow rapidly into well-defined poly- 
hedra. Growth spirals were observed on 
the larger polyhedra after 24 hrs. or 
more immersion, and after longer 
periods the pH decreased with subse- 
quent etching of both metal and oxide. 
The rapid formation and growth of 
polyhedra is explained on the basis of a 
supply of copper ions from solution and 
from the metal, an electrochemical 
mechanism of reaction, and a disloca- 
tion mechanism of crystal growth. 17 
references.—MA. 19333 


3.2.2, 4.2.1, 3.4.9, 5.4.5 

Investigations on Filiform Corrosion 
of Varnished Steel Plates. (In German.) 
H. Kaesche. Werkstoffe u. Korrosion, 
10, No. 11, 668-681 (1959) Nov. 

Filiform corrosion is a special type of 
atmospheric corrosion which is mainly 
encountered on varnished steel sheeting. 
The attack begins with the formation 
of drops of electrolyte, e.g., at hygro- 
scopic impurities of the metal surface, 
and remains strictly limited to the small 
volume of these drops. The drops which 
usually have a distinct V-shape, are 
pushed along on the metal surface be- 
low the varnish by solid corrosion prod- 
ucts formed there. 

The results of tests concerning the 
dependency of filiform corrosion on the 
humidity ‘of the air, on the thickness of 
the varnish, on the nature of polluting 
salt particles and on the pre-treatment 
accorded to the steel sheeting lead to 
the assumption that the salt concentra- 
tion in the electrolyte drops is in equilib- 
rium with the surrounding atmosphere 
and that the V-shaped phase boundary, 
formed by the continually growing rust, 
constitutes a filter which can only be 
passed by oxygen. At this filter bivalent 
iron is oxidized to trivalent iron and is 
stabilized in V-shape by conditions 
which are qualitatively governed by the 
conversion balance of the reaction in the 
drop and by the surface tension between 
drop and varnish skin. The speed of 
the reaction is ultimately governed by 
the partial pressure of the oxygen in 
the atmosphere. 19295 


3.2.2, 3.7.3, 6.2.5, 3.7.2 

Improved Resistance of Stainless Steel 
Welds to Interganular Corrosion. (In 
Russian.) G. G. Pocheptsova. Khim. 
Mashinostroenie, No. 6, 38-40 (1959) 
Nov./Dec. Translation available from: 
Henry Brutcher, Technical Translations, 
P. O. Box 157, Altadena, Calif. 


Shortcomings of addition of titanium 
or columbium to 18-8 stainless steel to 
improve general and intergranular cor- 
rosion resistance. Cause of knife-line 
attack. Benefits derived from heat treat- 
ment (whenever the weldment is not too 
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bulky). Exploration of possibilities of 
obtaining welds resistant to intergranu- 
lar corrosion by incorporating into them 
austenite-forming as well as ferrite- 
forming elements. Recommended elec- 
trode wire composition (increased man- 
ganese and aluminum) for maximum 
resistance to intergranular corrosion.— 


HB 19399 


3.5 Physical and Mechanical 
Eeffects 


3.5.8, 6.4.2 

Stress Corrosion. The Engineer’s View. 
P. H. Wall. J. Royal Aeronautical Soc., 
63, 354-365 (1959) June. 

Choice of metals known to be suscep- 
tible to stress corrosion. Means for use 
in design and manufacture to avoid 
trouble. Aluminum-zinc, aluminum-cop- 
per, and other alloys. —BTR. 18588 


3.5.8, 3.7.3, 6.2.5 

Stress-Corrosion of Austenitic Stain- 
less Steels. (In Japanese.) Masayoshi 
Tagaya, Hiroshi Imagawa and Deihachi 
Ishihara. J. Metal Finishing Soc., Japan, 
10, No. 6, 227-232 (1959) June. 

Influence of cold drawing, heat treat- 
ment, presence of oxidizing agents and 
cathodic protection on susceptibility to 
stress corrosion of austenitic stainless 
steel wires. Boiling 42% magnesium chlo- 
ride (154C) was used as corrosive so- 
lution. The specimens were stressed and 
time to fracture measured. Effect of heat 
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treatment: the specimens which cooled 
rapidly after heating at 900C in cracked 
ammonia gas atm. or in air at 1000C 
were relatively immune to stress cor- 
rosion; but the specimens which cooled 
rapidly after heating at 1150C in cracked 
ammonia atm., became very susceptible 
to stress corrosion. Time to fracture for 
specimens annealed for 1 hr. at 380C after 
cold drawing is shorter than for “as-cold 
drawn” specimens, The cold drawn speci- 
mens annealed at 650C for 1.5 hrs. 
showed chromium carbide precipitation, 
but improv ed stress corrosion resistance 
because of stress relief due to heat treat- 
ment. Effect of oxidizing agent: when a 
small quantity of potassium nitrate is 
added to the corrosive solution, no stress 
corrosion is noticeable. Effect of cathodic 
protection: the cathodically protected 
specimens did not fail for 24 hrs. in the 
corrosive solution, when the current 
density exceeded 304A/cm.? The unpro- 
tected specimens failed within one hour. 
18647 

3.5.4, 6.6.4, 8.4.5 
Irradiation of Clad Graphite in High- 
Temperature High-Pressure CO:. John 
C. Smith, William E. Murr, Ward S. Die- 
thorn and William H. Goldthwaite. Bat- 
telle Memorial Inst. U. S. Atomic Energy 
Commission Pubn., BMI-1333, April 7, 
1959, 29 pp. Available from Office of 
Technical Services, Washington 25, D. C. 
Graphite specimens fully clad with 
Type 310 stainless, Type 446 stainless, or 
Inconel were irradiated in a 1000-psi CO, 
environment for a period of 4 weeks at 
approximately 1300F followed by 1 week 
at 1500F. The fast-neutron-plus-gamma 
dose rate was estimated at 8 x 10° rads 
per hr. The gas environment was sampled 


and replinished eight times during the 
After 60 
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experiment. hours at about 


1350F, the carbon monoxide content had 
increased from a negligible value to 3.6 
vol.%. It then decreased steadily to a 
value of 0.4 vol.% at the end of 4 weeks. 
When the temperature was raised to 
1500F, the carbon monoxide content in- 
creased to 1.9 vol.% in 100 hours and then 
decreased to 0.6 vol.%. The oxygen con- 
tent remained nearly constant throughout 
the experiment. Postirradiation exami- 
nation and metallography revealed very 
little effect of the exposure on the clad- 
ding materials at the gas and graphite 
interfaces. (auth) —NSA. 18599 





4. CORROSIVE ENVIRONMENTS 





4.3 Chemicals, Inorganic 





4.3.2, 5.9.2, 6.6.8 

Resists Hydrochloric and MHydro- 
fluoric, Nitric and Sulfuric Acids. G. 
Weyermuller and E. M. Kline. Chem. 
Processing, 22, No. 6, 126-127 (1959) 
June. 

Since corrosion and other related 
problems have arisen from handling of 
fumes from pickling operations in Inco’s 
Huntington Works, company wished to 
take advantage of experience gained in 
meeting these problems when planning 
a new pickling building. In March, 1958, 
a fume removal system made of glass 
fiber-reinforced, thermosetting polyester 
resin was placed in service. Hoods, ducts 
and stacks were fabricated of this ma- 
terial. Fumes from acid tanks are cap- 
tured and pulled through side takeoff, 
slot-type hoods in a balanced air system. 
Choice of materials and equipment was 
governed by such factors as initial cost, 
service life and maintenance. Plastic 
fume removal system has withstood 
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fumes from acid pickling solutions— 
which contain various mixtures of hy- 
drochloric acid, hydrofluoric acid, nitric 
acid and sulfuric acid at temperatures of 
125-190 F. There has been no evidence 
of corrosion and maintenance has been 


at a minimum. Photos.—INCO. 18641 


4.3.7, 3.8.4, 4.2.1, 3.4.3 

Reaction Mechanism of the Atmos- 
pheric Corrosion of Metals in Humid 
Air Containing Sulphur Dioxide Con- 
tamination. (In German.) K. Barton and 
E. Beranek. Werkstoffe u. Korrosion, 
10, No. 6, 377-383 (1959) June. 

In atmosphere contaminated with sul- 
fur dioxide, course of reaction is often 
determined by hydrolytic reactions lead- 
ing to formation of solid reaction prod- 
ucts. Reaction mechanisms for formation 
of corrosion products on iron, aluminum, 
copper and zinc were determined. Rate 
of atmospheric corrosion in moist sulfur 
dioxide-containing atmospheres depends 
on: concentration of sulfurous acid and 
sulfuric acid in atmosphere, which de- 
termine pH value of adsorbed water- 
layer; reaction mechanism leading to 
soluble solid reaction products and 
physio-chemical properties of these 
products; rate and reaction mechanism 
at metal surfaces with adsorbed layers 
as determined by sulfur dioxide and sul- 





furic acid; and primary resistance of 
oxide layers formed in fabrication of 
metals. Graphs, ; 

18256 
4.3.2, 6.2.5, 6.2.3 


Studies of the Corrosion of AISI 304 
Stainless Steel and AISI 4135 Carbon 
Steel Exposed to Saturated Solutions of 
Boric Acid. C. R. Bergen—D. D. Whyte, 
editors. Westinghouse Electric Corp. for 
Yankee Atomic Electric Co. U. S. 
Atomic Energy Commission Pubn., 
YAEC-67, Nov., 1958, 18 pp. Available 
from Office of Technical Services, 
Washington, D. C. 

AISI 304 stainless steel and AISI 4135 
carbon steel specimens were exposed to 
five wt.% (70F) and thirteen wt.% (140 
F) boric acid solutions. These are essen- 
tially saturation concentrations. After 
four weeks exposure it was found that 
the AISI 304 stainless steel was not at- 
tacked under these conditions but that 
the carbon steel had developed consid- 
erable corrosion products in the form 
of scale. It was found that the attack 
on carbon steel at 70 F in a five wt.% 
boric acid solution was greatly reduced 
by the addition of sufficient base to neu- 
tralize the solution. A thirteen wt.% 
boric acid solution badly attacked the 
carbon steel at 140 F even when ad- 
justed to neutral pH condition. (auth.) 
—NSA. 18695 


4.3.3, 3.4.3, 6.4.2, 5.8.4 

Corrosion Product and Inhibitor Films 
on Aluminum. H. W. McCune. J. Elec- 
ne Soc., 106, No. 1, 63-65 (1959) 
an. 

When aluminum corrodes in an alka- 
line sodium triphosphate solution, phos- 
phate is incorporated into the surface 
oxide film on the metal. Sodium silicate, 
potassium permanganate and sodium 
chromate inhibit triphosphate sorption, 
especially the first, which has found 
wide application as an inhibitor in house- 
hold detergent mixtures containing poly- 
phosphates. In the accompanying table 
the entries under “NasP;O.% deposited” 
were calculated from the phosphorus-32 
activity sorbed on the aluminum speci- 
mens which were exposed to uninhibited 
and inhibited radioactive sodium tri- 
phosphate solutions. In electron micro- 
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graphs of samples exposed to triphos- 
phate solutions inhibited with sodium 
silicate there was no evidence of a con- 
tinuous film covering the surface; evi- 
dently the siliceous film is textureless 
ind probably is very thin——ALL. 17797 


4.7 Molten Metals 
and Fused Compounds 


4.7, 6.2.2, 3.2.2, 3.7.4 

Formation of a Ternary Carbide Dur- 
ing the Attack of Molten Zinc on Iron- 
Carbon Alloys. Leo J. Hiitter and Hans 
H. Stadelmeier. Z. Metallkunde, 49, No. 
11, 600-601 (1958). 

When an Armco iron and a ledeburi- 
tic white cast iron containing 4.5% car- 
bon are immersed in molten zinc at 450 
C and above, the former shows the §, 
5,, and TI layers, while the latter shows 
the § and 8, phases, but no I’ phase, this 
being replaced by a ternary carbide 
phase, FesZnC. This carbide phase, 
which is embedded in the 6; layer, has 
an ordered f.c.c. lattice with a lattice 


constant of 3.80 kX.—MA. 18794 


4.7., 6.3.10, 8.4.5 

Cladding and Structural Materials. 
Corrosion by Liquid Metals and Fused 
Salts. J. H. Stang. Reactor Core Mate- 
rials (Battelle Memorial Inst. Tech. 
Progress Rev), 2, No. 1, 30-33 (1959) 
Feb. 

Review article mentioning work done 
at Brookhaven National Lab., Oak 
Ridge, Nuclear Development Associates 
and in Great Britain. Graphs summarize 
available information on corrosion re- 
sistance of various metals, alloys and 
ceramics to lithium at elevated tempera- 
tures (metals include austenitic stainless 
steels, nickel, Inconel and precious 
metals; data from Oak Ridge). Although 
many materials have satisfactory corro- 
sion resistance to lithium in static iso- 
thermal systems up to 1500 F, not one 
checked to date is reistant in dynamic 
non-isothermal systems. Molten Salt 
Reactor Program at Oak Ridge includes 
study to determine corrosion behavior 
of potentially useful container materials 
for selected fuel-bearing fluoride salts at 
1200 F, with Inconel and INOR-8 of 
prime interest. Although Inconel has 
displayed excellent resistance, recent in- 
formation indicates that resistance of 
INOR-S8 is even better. British reports 
describe methods of determining oxygen 
levels in highly purified sodium.—INCO. 

18603 
4.7, 8.4.5, 6.3.10, 6.2.5 

Interim Report on Corrosion by Al- 
kali-Metal Fluorides: Work to May 1, 
1953. G. M. Adamson, R. S. Crouse and 
W. D. Manly. Oak Ridge National Lab. 
U. S. Atomic Energy Commission 
Pubn., ORNL-2337, June 5, 1959, 36 
pp. Available from Office of Technical 
Services, Washington, D, C. 

In connection with the search for 
container materials suitable for use in 
high-temperature molten-fluoride reac- 
tor systems, the corrosion of several 
metals by various fused fluoride mix- 
tures was studied in thermal-convection 
loops made from the metal being tested. 
In these tests the temperature drop was 
fairly large, but the velocity of the liquid 
was low and not subject to control. The 
fluoride mixture used in most of the 
study contained 43.5 mole per cent KF, 
10.9 mole per cent NaF, 44.5 mole per 
cent LiF, and 1.1 mole per cent UF,, 
and is referred to as “fluoride 14”. In a 
series of screening tests Inconel, or 
similar high-nickel alloys, was shown to 
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be the most promising container ma- 
terial. The data reported are from loops 
that were operated for only relatively 
short times, 500 hr., and with impure 
fluoride mixtures. The lack of purity 
of the mixtures was an important con- 
sideration in the tests reported. With 
fluoride 14 an average figure for the 
maximum microscopically visible attack 
on Inconel was 0.012 to 0.015 in. after 
500 hr. of circulation. The attack was in 
the form of small voids which did not 
connect with the surface or with each 
other. It is shown that for the times 
used here the attack was caused pri- 
marily by the reduction of fuel impuri- 
ties by chromium metal from the con- 
tainer and by the leaching of sufficient 
chromium to reach equilibrium concen- 
trations in reactions with the fluorides, 
primarily with UF, In contrast to the 
effects of impurities, the depth and type 
of attack varied only slightly when 
changes were made in the major com- 
ponents of the various fluoride mixtures 
studied. The only effect definitely estab- 
lished was that, in every case, mixtures 
containing uranium fluoride caused more 
attack than did similar mixtures con- 
taining no uranium. When the loop was 
operated at fluid temperature of 1650 F, 
the attack was slightly deeper than it 
was at 1300 F. The addition of zir- 
conium hydride to the fuel almost com- 
pletely eliminated the attack. Alkali 
metals also acted as inhibitors. It was 
found that Type 316 stainless steel 
might be considered for a container for 
molten fluoride mixtures that do not 
include potassium fluoride. With such 
stainless steels and zirconium fluoride- 
base mixtures, the maximum depth of 
attack was about the same as that found 
with Inconel; however, more material 
was mass-transferred and cold-leg de- 
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posits were found. When alkali-metal- 
base mixtures were circulated in Type 
316 stainless steel, plugging occurred 
in a relatively short time; the plugging 
was probably caused by the formation 
of a compound similar to K:NaCrF, 
(auth.)—NSA. 19610 


5. PREVENTIVE MEASURES 


5.2 Cathodic Protection 


5.2.1, 4.6.11, 1.7.2 

Cathodic Protection of Steel Immersed 
in Sea Water. (In French.) A. Hache. 
Corrosion et Anticorrosion, 7, 307-311 
(1959) Sept. 

Summary of previously published re- 
sults of work at IRSID’s Biarritz cor- 
rosion testing station. Projected pro- 
gram for study of cathodic protection. 
—RML. 19230 


5.2.3, 3.6.9 

Advances in Rectifiers Solve Protec- 
tion Problems. T. R. Stilley. Pipe Line 
Ind., 10, No. 3, 51-55 (1959) Mar. 

Stray current problem in cathodic pro- 
tection can be solved by bonding the 
affected structure ,to the most negative 
part of the interfering current. If the 
interference is variable, half-wave sele- 
nium rectifier stacks are effective. Circuit 
diagrams and calculations for these 
stacks as well as for silicon diodes are 
discussed. 18570 


5.2.2, 4.6.7, 4.6.11 

Electrolytic Manganese as Galvanic 
Anode in River and Sea Water. Com- 
parison with Zinc Anode. (In Japanese.) 
Sakae Tajima, Jiro Majima and Takemi 
Mori. Corrosion Engineering, 8, No. 10, 
415-418 (1959) Oct. 


CORROSION-RESISTANT 


From Flange to Flange —/nside and Out / 


Ductwork by au Crre 


Over a wide range of corrosive and erosive conditions, du Verre Resin Bonded Fiberglass 
has proved its superiority over coatings, linings and other traditional “resistant” materials. 
Completely homogeneous, du Verre fabricated ducts, fittings, hoods and tanks provide 
uniform protection from flange to flange, inside and out. One-quarter the weight of 
steel, du Verre fabrications also save you money on freight, handling and erection. 
Whatever your process needs, equipment can be du Verre fabricated to your specifica- 
; tions. Write today. Ask for Bulletin No. 101 and see how du Verre 

can eliminate the high cost of corrosion and product contamination. 


First in Quality for Complete Corrosion Control with Reinforced Plastics 


BOX 37-L cs 


NEW YORK 
33a 


ARCADE, 





68 


Behavior of electrolytic manganese 
(99.95%) as galvanic anode for mild 
steel sheets in river water (pH 6.6) and 
in artificial sea water was studied and 
comparison was made with zinc anode 
(99.9964%). Corrosion rate of electro- 
lytic manganese in river water was 1.39 
mdd. Anode potential of manganese in 
river water and in sea water was —1.2 
~ —0.75V and —1.3 ~1.1V (S.C.E.) 
respectively when anode current was 
held at 0.2 ~ lmA/cm? at room tempera- 
ture, using carbon cathode. Manganese 
anode could protect iron sheets with an 
area ~ 30 times larger than the area of 
the manganese anode. Cathode (iron) 
potential became gradually less noble. 
Cathode potential after 600 hrs. was 
—0.8V and 0.04 mA/cm? (river water) 
and —0.15V and 0.8 mA/cm?(sea water) 
with a manganese anode, while —0.76 
V and 0.01 mA/cm? (river water) and 
—1.10V and 0.06 mA/cm? (sea water) 
with a zinc anode. 

Manganese galvanic anode had an 
over all better protective action on mild 
steel sheets in river water where perfect 
protection by zinc is difficult, but in sea 
water, manganese suffered a corrosion 
of 3800 ~ 4500 mdd i.e. approximately 
15 times larger than that of zinc. 18591 


5.2.1, 8.9.5 

Experiments with a Trailing Platinum 
Anode. Cathodic Protection of s.s. 
“Israel” on Haifa-New York Voyage. 
D. Spector, H. S. Preiser and D. Khou- 
shy. Corrosion Technology, 6, No. 5, 
143-148 (1959). 

Advantages of the use of trailing 
anode systems are enumerated. Details 
are given of the preparations for the 
voyage with descriptions of the platinum- 
clad anode, direct current power source, 
bow and stern reference electrodes, re- 
cording instruments for anode current 
and hull potential, and propeller shaft 
grounding brushes. Hull potential/time 
graphs plotted from data obtained dur- 
ing dock-side tests and three underway 
runs are given. Methods for overcoming 
the mechanical difficulties encountered 
are described. Results indicate the feasi- 
bility of protecting cathodically large 
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commercial ships by using inert trailing 
anodes.— PMR. 1862/ 


5.2.4, 4.5.3, ‘8.9.3 

Determination of the Amount of Tran- 
sitional Resistance Between Steel Pipe- 
lines and the Ground. (In Russian.) L. 
Ya. Vsikerman and K. K. Nikol’skii. 
Gazovaya Prom. (Gas Industry), 4, No. 
3, 40-43 (1959) March. 

Necessary cathodic protection for a 
pipeline is determined based on a for- 
mula derived for calculating the resist- 
ance to flow of electric current between 
a pipeline and the ground. ‘Lhe proce- 
dure for carrying out the actual meas- 
urements varies according to whether 
they are made on an isolated section of 
a pipeline or on a portion of a pipeline 
of infinite length, and whether or not 
stray currents are present. ‘Lhe circuits 
to be used in each case are described. 

18637 


5.2.3 

Current and Potential Relations for 
the Cathodic Protection of Steel in a 
High Resistivity Environment. W. J. 
Schwerdtfeger. National Bureau of 
Standards. J. Research Nat. Bur. Stand- 
ards, 63C, No. 1, 37-45 (1959) July-Sept. 

Specimens of bare low-carbon steel 
(cold-drawn tubing) were exposed in 
laboratory for a pericd of 2 months to 
a soil having a resistivity of about 20,000 
ohm-centimeter. Previous work in low- 
resistivity environments by author and 
by other investigators has shown that 
corrosion can be reduced to a negligible 
degree by polarizing a steel structure to 
—0.85 volt (protective potential) with 
reference to a copper-copper sulfate 
electrode. In such studies by author, ca- 
thodic polarization curves have also been 
shown to be useful in indicating current 
density required for cathodic protection. 
In present study above criteria were 
again evaluated. In addition to protect- 
ing steel at protective potential (free of 
IR drop), effect on protection of includ- 
ing IR drop caused by protective cur- 
rent was also noted. Also, cathodic 
polarization curves were obtained on a 
recorder in conjunction with a bridge 
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circuit to eliminate IR drop. Results 
show that best degree of protection was 
achieved on specimen controlled at 
—0.77 volt (without IR) with reference 
to a saturated calomel half-cell. This is 
approximately equivalent to protective 
potential —0.85 volt with reference to a 
copper-copper sulfate electrode. Applied 
current indicated by break (change-in- 
slope) in cathodic polarization curve 
agreed reasonably well with actual cur- 
rent necessary to maintain polarization 
at —0.77 volt (free of IR). Current re- 
quired for protection was about 3 times 
magnitude of corrosion current; there- 
fore, corrosion reaction was either under 
anodic control (unlike previous studies) 
or an equivalent type of control which 
was caused by high resistance at anodic 
areas. Table, diagrams, graphs, 11 ref- 
erences.—INCO. 18657 


5.2.2, 8.9.5 
Cathodic Protection of Ships by Mag- 
nesium Anodes. (In German.) Anton 


Schwarz. VDI-Zeitschrift, 101, 1063- 
1064 (1959) Aug. 1. 


Cylindrical anodes are connected to 
the ship’s hull and surrounded with a 
thick-walled rubber ring to avoid in- 
crease current densities likely to dam- 


age the paint protecting the hull—RML. 


18680 

5.2.2, 8.9.5 
Protection of Double Bottom Tanks. 
K. G. C. Berkeley. Corrosion Prevention 
& Control, 5, No. 7, 43-46 (1958) July. 
Experiments on the cathodic protec- 
tion of double-bottomed cargo tanks 
with magnesium anodes led to the de- 
velopment of an effective system which 
is easy to install and has proved effec- 
tive in 90% of its installations. 18698 


52.0 

Some Platinum Anode Designs for 
Cathodic Protection of Active Ships. 
H. S. Preiser and B. H. Tytell. Paper 
Presented at a Meeting of National As- 
sociation of Corrosion Engineers’ North- 
east Region, Boston, Massachusetts, 
October 6-8, 1958. Corrosion, 15, No. 11, 
596t-600t (1959) Nov. 

Voltage-current relationships have 
been determined for platinum wires, 
gauze and disc and a platinum-clad tan- 
talum disc, in sea water tests in the lab- 
oratory and in Boston harbor. 

The platinum-clad tantalum disc pro- 
duced the best current-voltage ratio. In 
the range of 5 to 18 volts in the harbor 
tests, 2.0 amperes were obtained per im- 
pressed volt. The other anodes gave 1.3 
amperes per impressed volt in the har- 
bor tests. In the laboratory tests, the 
ratios obtained were 3.2, 3.1, 2.6, 2.2, and 
2.1 amperes per volt for the platinum- 
clad tantalum disc, wire gauze, 48-inch 
wire spiral, 36-inch wire spiral and the 
flat disc, respectively. 18133 


5.2.1, 8.9.3 

Whole System Installed in Nine 
Months Cathodic Protection of South- 
ern Pacific’s High-Pressure Products 
Pipe Line. D. N. Miller. Corrosion, 15, 
No. 2, 104, 106 (1959) Dec. 

Various problems encountered and 
methods used to achieve cathodic pro- 
tection of a pipe line across central Cali- 
fornia and Nevada are discussed. Loca- 
tion of rectifiers and anodes used are 
given. Special problems such as the win- 
ter snows, air observation of rectifiers 
and close proximity to co-axial tele- 
phone cable are discussed. 

A revision of the paper “Blitzkrieg 
Cathodic Protection of a High Pressure 
Products Pipe Line.” Presented at the 
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15th Annual Conference, National Asso- 
ciation of Corrosion Engineers, Chicago, 
March 16-20, 1959. 18111 


5.2.1, 5.4.5, 4.6.7, 7.4.2 

Cathodic Protection of Coiled Tube 
Cooler Immersed in High Resistivity 
Fresh Water. (In Japanese.) Toshiichi 
Hikozawa and Masaaki Hanada. Corro- 
sion Engineering, 8, No. 9, 370-372 (1959) 
Sept. 

Comparison test of cathodic protec- 
tion on coiled tube type intercoolers, im- 
mersed in high resistivity fresh water 
was done by applying, (1) galvoline an- 
odes, (2) impressed current system using 
steel bar anodes, (3) zine rich paint 
coating, (4) combined system of (2) and 
(3); the last system was found to be 
the best. 18730 


5.3 Metallic Coatings 


5.2.2, 53.4 

Resistance to Corrosion of Aluminum- 
Coated Steel Wire. E. T. Englehart and 
K. J. Brondyke. Symposium on Alumi- 
nizing, Wire Association Annual Con- 
vention, Atlantic City, New Jersey, Oc- 
tober, 1958. Wire and Wire Products, 
33, No. 11, 1365-1367, 1370-1372, 1404- 
1405 (1958). 

Hot-dip coating is reviewed. Alumi- 
num-coated steel is preferred to galva- 
nized steel since the two metals are 
electrochemically neutral; aluminum 
alloy wire is preferred to either alumi- 
num-coated steel wire or galvanized 
steel-core wire in resistance to corrosion. 


—MA. 18022 
5.3.2 
Molybdenum Coatings. H. W. 


Schultze, R. R. Freeman and J. Z. 
Briggs. Am. Metal Climax, Inc. Materi- 
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als in Design Eng., 49, No. 1, 76-81 
(1959) Jan. 

Status report on properties and uses 
of molybdenum coatings, and how they 
are applied. Physical properties, adhe- 
sion, hardness, ductility, strength, wear 
resistance and corrosion resistance are 
considered. Commercial and experimen- 
tal applications in electronic components, 
automotive equipment, aircraft, arma- 
ment and nuclear reactors (e.g. electro- 
phoretic coatings on Inconel shafts, and 
molybdenum coatings on graphite and 
stainless steel to make them impermea- 
ble to hydrogen and other gases) are 
discussed. Table summarizes commer- 
cially available coatings, those in ad- 
vanced development stage, and those in 
laboratory development stage and in- 
cludes ceramic metallizing, metal spray- 
ing, electrophoretic deposition, vapor 
deposition, electrodeposition, sputtering 
and vacuum evaporation. Photos.— 


INCO. 18675 


5.3.4 

Chromium Plating in Relation to the 
Corrosion Resistance of Nickel-Chro- 
mium Deposits. A. Smart. Electroplating 
and Metal Finishing, 12, No. 1, 3-10 
(1959) Jan. 

Author summarizes work carried out 
by British Non-Ferrous Metals Research 
Assoc. in England and by Udylite Corp. 
and others (including W. A. Wesley 
and:-5...B. inapp, fnco) in Us Ss. A. 
which shows that corrosion problems 
perplexing so many users of nickel and 
chromium plated components exposed to 
outdoor atmosphere conditions are not 
due to deficiencies in nickel plate, but 
that they can be eliminated by control of 
chromium plating conditions and thick- 
ness of chromium deposit which is used. 
Porosity and crack pattern of chromium 
plate, optimum chromium plate, and ef- 
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fect of physical condition of nickel, are 
discussed. Ideal conditions involve coat- 
ing thickness approaching 80 micro 
inches, temperature of 130 F, current 
density of 300 amp/sq. ft., and sulfate 
ratio in region of 150:1 to 200:1, but 
very significant improvement over pres- 
ent-day practice can be achieved by op- 
erating at 120-125 F, sulfate ratio of 
125:1 or 150:1 and current density, of 
200 amp/sq. ft. to produce chromium 
deposit of 40 micro inches thick. Excel- 
lent outdoor corrosion results can be 
obtained with this chromium coating 
over 1 mil deposit of bright nickel. Pho- 
tomicrographs.—INCO. 18665 


5.3.4 

Metal Spraying in Relation to the Cor- 
rosion Process, J. R. Franklin. Corrosion 
Technology, 5, No. 10, 323-325 (1958) 
October. 

Deals with function of metal spraying 
in prevention of corrosion. When steel 
structure is sprayed with aluminum or 
zinc, principle of protection is cathodic 
protection; zinc or aluminum coating 
becomes sacrificial anode. Protection is 
proportional to weight and thickness of 
sprayed coating. Application equipment 
and metal surface preparation are dis- 
cussed. Table gives metallizing speed 
and coating weight for aluminum, Spra- 
bronze AA, Monel, Ni, Metcoloy I 
(18-8), Metcoloy II (high-C, high Cr 
stainless), Sn, and Zn.—INCO. 18791 


5.3.2, 6.3.9, 7.1, 4.2.3 

Evaluation of Protective Coatings for 
Molybdenum Nozzle Guide Vanes. Pe- 
riod covered January 1954 to July 1957. 
John R. Giancola. U. S. Wright Air 
Development Center, Technical Note 58- 
241, Feb. 10, 1958, 45 pp. Available from: 
Wright-Air Development Center. Ma- 
terials Lab., Wright-Patterson AFB, 
Ohio. 

Thirty seven molybdenum nozzle guide 
vanes coated for resistance to jet engine 
operating conditions were evaluated in 
an engine exhaust stream at 1860-1890 
F for 4 hours. Non-destructive and 
metallographic examinations revealed 
the degree of deterioration of each type 
of coating after test. Results indicate 
that, in the temperature range of the 
test, multilayer electrodeposited metallic 
coatings have the longest service life. 
No one coating combination survived 
the test without some serious damage. 
All coatings tested increased the life of 
the guide vanes over unprotected molyb- 
denum. (auth)—NSA. 18767 


5.3.4 

Kinetics of Cathodic Processes During 
Electrodeposition of Metals. (In Rus- 
sian.) A. V. Izmailov. Nauch. Doklady 
Vysshei Shkoly. Khim. i Khim. Tekhnol. 
(Scientific Proceedings of the Higher 
School-Chemistry and Chemical Tech- 
nology, No. 2, 240-244 (1958). Chem. 
Absts., 52, No. 21, 18016 (1958) Nov. 10. 

Relation between the effective activa- 
tion energy (A) of the electrode process 
and AE are given graphically for a series 
of electrolytes, from which the value Ae 
(the activation energy for concentration 
polarization) is found, The nature of the 
cathodic polarization was studied and 
was found, for most investigated electro- 
lytes, to be of a concentration character. 
Measured values of viscosity (7) and 
heat conductivity (k) of various solu- 
tions of electrolytes are given for dif- 
ferent temperatures together with the 
calculated values of A. In electroplating 
baths, in which the structure and sta- 
bility of the complexes and the solvate 
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compounds forming the electrolyte vary, 
a significant rise in temperature, in order 
to increase the production of these baths, 
is not recommended, since the quality 
of the resulting coatings is not as good. 
On the contrary, the structure of the 
complex ions does not vary much with 
increasing temperature in the case of 
cyanide electrolytes for copper, silver, 
zinc and cadmium plating and conse- 
quently a rise in temperature does not 
affect the quality of the deposits.—MA. 
18803 
5.3.4, 5.4.5 
Sacrificial Metals as a Base for Or- 
ganic Coatings. K. Tator. Ind. and Eng. 
Chem., 50, No. 8, 77A-78A (1958). 
Examples are quoted which demon- 
strate that it is more economical (bear- 
ing in mind the subsequent durability) 
to apply to steel a sacrificial metal coat 
followed by an organic coating than to 
use either alone. Suitable sacrificial coats 
may be sprayed aluminum or zinc, zinc 
applied by galvanization or zinc-rich 
paints. Good results were obtained with 
vinyl resin coatings applied over the last 
two.—RPI. 19593 


5.3.4 

Chromized Steel-—A New Low Cost, 
Heat, Wear or Corrosion Resistant Ma- 
terial. R. P. Seelig. Paper before Soc. 
Automotive Engrs., Nat’l. Passenger 
Car, Body & Materials Mtg., Detroit, 
March 4-6, 1958. SAE Journal, 66, No. 
5, 42-44 (1958). 

By means of the Chromalloy process, 
ordinary iron and steel can be made to 
resist rusting like stainless steel, or re- 
sist wear and abrasion like tungsten car- 
bide and be protected against oxidation 
similar to high alloy materials. Chromal- 
loy process, or Chromallizing, is a 
patented method of diffusing Cr and 
other elements into the surface of metal. 
As Cr diffuses into base metal it com- 
bines with elements therein to form an 
alloy case which is an integral part of 
base metal, but with properties of the 
new alloy. Unlike superficial coatings, 
the case won’t peel, spall, chip or flake 
off. Stainless steels, Ni or Co _ base 
alloys, W, Mo and other metals can be 
Chromallized to provide protection from 
oxidation and erosion at very high tem- 
peratures—up to 3000 F. Photos — 
INCO. 19479 


5.3.4 

Applications of Composite Electro- 
chemical Materials. J. A. Edwards. 
Product Finishing (London), 12, No. 1, 
66-69 (1959). 

A note on the C.E.M. processes for 
the deposition of composite coatings 
consisting of nickel, cobalt, nickel/co- 
balt/copper, iron, brass, chromium, cad- 
mium, silver, gold, platinum and zinc 
with additions of Al:Os, SiC, WC, and 
etc.—MA. 19764 


5.3.4, 6.4.2 
Electroless Nickel Plating of Alu- 
minium. L. ns and K. Miller. 
Aluminium, 35, No. 391-393 (1959). 
Various methods, moa an inter- 
layer of another metal such as zinc, are 
reviewed from the literature—MA. 19702 


5.4 Non-Metallic Coatings 
and Paints 


5.4.5, 4.6.6 

Tests on Underwater Paints, Particu- 
larly for Drinking-Water Tanks. G. Sille 
and O. Damm. Die Technik, 14, 39 + 4 
pp. (1959) Jan. 


The tests showed that a chlorinated 


38a 


polyvinyl chloride gives much better 
protection against corrosion than a bi- 
tumen. When the former is used for 
drinking-water tanks the usual plasti- 
cizer, tricresyl phosphate, must be re- 
placed by dibutyl phthalate and chlori- 
nated diphenyl, to prevent contamination 
of the water with traces of phenols.— 
RPI. 19467 


5.4.5 

High Build Epoxy Resin Maintenance 
Finishes. G. R. Somerville. Paint Ind. 
Mag., 74, No. 8, 6 + 4 pp. (1959). 

The use of cold-cured epoxy resin 
mastics and epoxy resin/coal tar mas- 
tics to give high-build coatings for the 
protection of plant in highly corrosive 
areas is outlined. Sprayable epoxy resin 
compositions containing no volatile ma- 
terial are also described.—RPI. 19490 


5.4.8, 3.5.9 

Paints and Varnishes Resistant to 
High and Low Temperatures. (In 
French.) J. L. Rabaté. ‘Travaux Pein- 
tures, 14, No. 7, 264-269 (1959). 

Conditions under which paints are 
likely to be required to resist high or 
low temperature are described. For the 
high- -temperature paints, the resistance 
of the pigment as well as the medium 
is considered and for low- -temperature 
paints the particular problem of painting 
steel and zinc surfaces in refrigerating 
rooms is discussed.—RPI. 19413 


5.4.5 

Some Experiences with Lead Pig- 
ments in Corrosion Resistant Paints. 
Paint Manufacture, 29, 130-131 (1959) 
April. 

Calcium plumbate has many useful 
attributes as a component part of anti- 
corrosive paints. In some circumstances 
and for some applications, red lead pig- 
ment still gives the best results —BIR. 

19382 
5.4.5, 5.4.6, 5.5.1 

Paints, Preservatives and Coatings. T. 
B. Owen. Paper before Armed Forces 
Chem. Assoc., 14th Annual Mtg., Wash- 
ington, Sept. 10-11, 1959. Armed Forces 
Chem. J., 13, No. 6, 22-23, 33 (1959) 
Nov.-Dec. 

Reviews Navy’s requirements for pro- 
tective coatings, covering types of paints 
and paint failures, general and special 
performance requirements (ice resist- 
ance, antifouling), rust preventives 
(liquid and solid), strippable coatings, 
boiler preservation, hydraulic systems, 
ballast tank coatings and wood preser- 
vation.—I NCO. 19373 


5.4.5 

Which Vinyl Coating Process for 
Metal Parts? F. J. Nagel. Prod. Eng., 
30, No. 27, 70-72 (1959). Brit. Plastics 
Fed. Absts., 14, No. 9, 801 (1959). 

Four methods are given for coating 
metals with vinyl resins and the choice 
of method for any particular application 
is discussed. The thickness range, thick- 
ness uniformity, edge coverage, appear- 
ance, substrate shape and coating cost 
for each is considered.—R PI. 19360 


5.4.5, 5.9.1 

Corrosion Prevention Through Proper 
Surface Preparation and Use of Epoxies. 
W. C. Naumann. Paint Ind. Mag., 74, 
No. 3, 12 + 4 pp. (1959). 

Surface preparation, proper applica- 
tion of the various paint coats and the 
selection of the correct coating materi- 
als for the environment involved are 
factors considered in the use of epoxy 
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resins in corrosion-resistant maintenance 


finishes.—RPI. 19354 


5.4.2,:'62.8, 3:59 

For High Temperature Protection— 
New Ceramic Coatings. Nuclear Energy 
Engr., 13, 448-449, 454 (1959) Sept. 

The compositions are given of promis- 
ing coatings to be used in the protection 
of low-carbon steel at temperatures up 
to 1200 F. Frits, in which various oxides 
were substituted for BOs, were de- 
signed and smelted. The most successful 
oxides were Zns(PO,.)2 and Cas(PO,)2. 
Coatings which contain cerium oxide or 
both cerium oxide and chromic oxide 
as a refractory addition show the best 
results.—NSA. 19344 


5.4.5 

New Urethane Coatings: Tops in Re- 
sistance. R. B. Norden. Chem. Eng., 66, 
No. 3, 144, 146, 148 (1959) Feb. 9. 

Urethane coating is produced by 
polymerization between polyfunctional 
isocyanates and resins containing hy- 
droxyl groups. Compared with vinyls, 
urethanes are more resistant to alkalis 
and solvents; as good against acids and 
water; better in heat durability, abrasion 
and wear resistance. Major classes of 
urethane coatings are described, and 
their properties and applications dis- 
cussed. Table rates their corrosion re- 
sistance to a number of corrosives.— 
INCO. 19342 


5.4.5 

Pigment Aid Against Corrosion. H. 
H. Muirhead. Paint, 5095 Nos: (72, °7%: 
765 + 3 pp., 50 + 2 pp. (1959). 

The use of lead cyanamide in protec- 
tive coatings is reviewed. Antisettling 
and brushing properties are good, as are 
resistance to heat, impact and abrasion 
and rapid through drying is obtained. 
The high alkalinity of the pigment is 
claimed to last over several years.— 


RVI. 19328 


5.4.5 

Behaviour of Anticorrosive Paints in 
Relation to Their Composition. (In 
French.) P. Marpon. Peintures, Pig- 
ments, Vernis, 35, No. 6, 311-317 (1959). 

Protection against corrosion depends 
on physical and chemical processes. Va- 
rious anticorrosive pigments, their use 
in primers for ferrous structures and 
medium and surface factors generally 
are considered.—RPI. 19308 


5.4.2, 6.4.2 

The Development of Vitreous Finishes 
for Aluminium. L. Lister and T. E. V. 
Stephenson. Light Metals, 22, No. 254, 
156-157 (1959). 

Lister and Stephenson compare the 
properties of standard American frits 
containing lead with two recently de- 
veloped British frits, one lead-bearing 
and the other lead-free. Abrasion re- 
sistance, scratch resistance, chemical 
stability (both acid and alkali), and 
atmospheric corrosion of the fired arti- 
cles were measured mainly to the credit 
of the British frits. All are fired at 560- 
580 C without an undercoat, after suit- 
able surface-treatment.—MA. 19291 


5.4.2, 3.5.9 

Ceramic Coatings for Insulation. Alan 
V. Levy. Metal Progress, 75, No. 3, 86- 
89 (1959). 

The properties of flame-sprayed and 
phosphate-bonded coatings of aluminum 
oxide and zirconium dioxide and those 
reinforced by metal strip or mesh are 
given. They are resistant to tempera- 


ture up to 4000 F. (2200 C.)—MA., 19294 
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COMINCO ZINC ANODES 


COMINCO ZINC ANODES are the outcome of 
considerable research by us into factors influ- 
encing anode effectiveness. We now offer a range 
of anode shapes and sizes each designed for 
specific purposes. Our long thin anodes, for 
example, are ideal for hull installations, giving 
optimum protection with minimum flow resistance. 


Once installed COMINCO ZINC ANODES 
give complete, safe, corrosion protection. They 
require absolutely no attention except replacement 
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THE CONSOLIDATED MINING AND SMELTING COMPANY OF CANADA LIMITED, MONTREAL 
CATHODIC PROTECTION WITH ZINC /S COMPLETE PROTECTION 


Available in Eastern Canada from CORROSION SERVICE LIMITED, 17 Dundonald Street, Toronto 5, Ontario and 
in Western Canada from CAPROCO CORROSION PREVENTION LTD., 898 River Drive, Richmond, Vancouver, B.C. 


at the end of their calculated life which can be 
made to coincide with scheduled dry docking. 
Cathodic protection with ZINC provides a 
practical effective solution to the costly 
problem of hull maintenance. 

COMINCO ZINC ANODES are made from 
TADANAC Anode Zinc No. 22, an electroly- 
tically refined Special High Grade Zinc (99.99% 
Zn) with carefully controlled additions, 

For further details write for an informative 
brochure on COMINCO ZINC ANODES. 
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Tin Plated Cans Sprayed With Soluble Oil Formulation 





Introduction 


XTERNAL CORROSION can be a 

problem when cold canned goods are 
moved into a warm, humid environment. 
A means of reducing this corrosion prob- 
lem was developed in the course of a 
recent research program carried out by 
Stanford Research Institute on the 
evaluation and control of sweat damage. 
This research program dealt with the 
specific problem of damage resulting 
from shipment of canned goods by sea 
from West Coast ports. 

It was found that corrosion of the tin 
plate could be reduced by subjecting the 
cans to a special treatment just prior to 
application of the labels. Passing the 
cans through a spray chamber resulted 
in a very thin film of protective material 
being deposited on the surface of the 
cans. 

Many different materials were investi- 
gated for their effectiveness in preventing 
corrosion. A suitable material, in addition 
to reducing corrosion, must also be non- 
toxic, cause no interference with the 
labelling operation, and have no effect 
upon the shiny appearance of the tin 
plate. Furthermore, the material should 
be one which can be safely applied in 
the cannery without danger of fire or ex- 
plosion, or any harmful effect upon the 
health of the operating personnel. Finally, 
the material must be low enough in cost 
to make its application economically 
feasible. 


Soluble Oil Formulation 


The study resulted in development of 
an SRI soluble oil formulation for the 
treatment of cans. This formulation is an 
emulsion of a soluble oil in water. and 
contains an inorganic corrosion inhibitor 
(sodium nitrite) and a surface active 


% Submitted for publication August 1, 1960. 
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Show Increased Rust Resistance * 


By RAYMOND K. COHEN* 





Abstract 


An SRI soluble oil formulation was de- 
veloped for the treatment of cans. The 
formulation was an emulsion of a soluble 
oil in water containing sodium nitrite in- 
hibitor and a surface active agent (Deri- 
phat 151). Cannery trials indicated this 
spray treatment gave satisfactory results 
at a cost of less than one cent per case of 
canned goods. 5.5.1, 7.5.1, 8.3.5 


agent (Deriphat 151). The latter acts as 
a wetting agent and also contributes to 
the rust-inhibiting characteristics of the 
film deposited on the can. Most favorable 
concentrations of the various components 
were found to be: 5 to 20 percent of the 
soluble oil, 0.5 to 2 percent of the corro- 
sion inhibitor, and 0.25 to 5 percent of 





































the surface active agent. Cannery trials 
indicated the cost of this protective ma- 
terial to be less than one cent per case 
of canned goods. Figure 1 shows a proto- 
type of the spray machine in operation 
during a cannery trial run. 

The protective treatment was found to 
be quite effective under relatively light 
exposure conditions. As the severity of 
the exposure increases, the effectiveness 
starts to break down. Thus, in the case 
of the ocean transport problem, severe 
condensation conditions may necessitate 
the use of other control measures to sup- 
plement the protective treatment of the 
cans. 






Figure 1—Prototype of spray machine in operation during a cannery trial run. 
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Corrosion of Reinforcing Steel in Concrete 
In Marine Atmospheres* 


Introduction 
HE USE OF 


structures in 


reinforced concrete 
coastal areas is not 
always successful. Many times the rein- 
forcing steel corrodes, the corrosion 
products occupy more space than did 
the steel and excessive internal pressures 
build up. The concrete then cracks or 
spalls from the reinforcing bar, and 
there is an attendant loss of structural 
strength. 

Figures 1, 2, and 3 show a typical 
example of this type of failure. These 
pictures are of an abandoned 26 year old 
platform in Lake Maracaibo, Venezuela. 
Had the platform been in use the struc- 
tural members would have been re- 
paired before reaching this advanced 
degree of deterioration. 

A survey! was made in 1916 of num- 
erous concrete structures along the sea- 
board of the United States. It was 
found that the majority of all reinforced- 
concrete structures on the American 
coasts subject to sea-water action showed 
evidences of deterioration or failure due 
to the corrosion of the embedded rein- 
forcement above the water line. The 
conclusions of this survey were: 


1. The corrosion occurs first followed 
by the cracking. There were few, if any, 
cases of structural failure caused by 
corrosion of the reinforcing steel at the 
base of a crack. 

2.Corrosion occurs only above the 
water line and then only where the 
concrete is exposed to salt spray. 

3.A large concentration of accumu- 
lated sea salts invariably was found in 
concrete with corroded reinforcing bar. 

4.The corrosion of the reinforcing 
bar was not related to chemical deter- 
ioration of the concrete. 

The status of the knowledge of the 
corrosion of reinforcing steel in concrete 
structures exposed to sea-water is much 
the same today. It has been shown by 
a number of investigators and recently 
in a most convincing way by Tremper, 
Beaton, and Stratfull?:*:4 that the cor- 
rosion is galvanic and that macro-gal- 
vanic cells exist with the corroded area 
anodic and separated by as much as 
several feet from the cathodic area. 

Although corrosion of reinforcing steel 
is widespread it is known that concrete 
can be made that will prevent this from 
occurring. Various authors®® have 
pointed out very old concrete structures 
in sea-water that are as sound today as 
the day they were placed. The differ- 
ences between structures in which cor- 
rosion is found and those in which it is 
absent are not always immediately ap- 


* Submitted for publication May 9, 1960. 
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By HOWARD F. FINLEY 


Abstract 


A brief review is given of the corrosion 
of reinforcing steel in concrete structures 
exposed to sea water action. The relations 
of concrete porosity, permeability, strength, 
water-saturation, Cal acted resistivity 
to the corrosive Pa are discussed. It is 
postulated that the existence of macro- 
galvanic cells in concrete structures are 
chiefly the result of differential oxygen 
concentrations in the pore space water. 
The differences in oxygen concentrations 
arise from differing oxygen solubilities in 
pore space water of different concentra- 
tions of dissolved sea salts and from lower 
availability of oxygen in those areas of 
high water-saturation. The corrosion of the 
reinforcing steel found in the San Mateo- 
Hayward bridge is used to illustrate the 
corrosion mechanism. Recommendations are 
given for preventing corrosion in new 
structures and for correcting the problem 
in existing structures. 6.6.5, 4.6.11, 3.6.2 


parent. It is the purpose of this paper 
to discuss the physical properties of 
concrete and the variables that must be 
considered in explaining the corrosion 
of reinforcing steel. 


Physical Properties of Concrete 


Concrete is composed of sand, gravel, 
crushed rock, or other aggregates mixed 
with hydraulic cement and water. The 
cement is a mixture of complex calcium 
silicates and aluminates which hydrate 
with the water to form a solid hardened 
mass containing entrapped the sand and 
aggregate. These last two components 
are essentially inert; it is the quality of 
the hardened cement that most in- 
fluences the corrosion of reinforcing 
steel. 

The physical properties of hardened 
cement pastes have been thoroughly 
studied by Powers and Brownyard.’ For 
purposes of discussing corrosion of rein- 
forcing steel only the final stages of 
hydration are important where the ce- 
ment particles are nearly 100 percent 
hydrated. In this stage the paste consists 
of a solid cellular mass that has a con- 
siderable amount of free space. This 
free space is filled with air and with 
water containing dissolved solids. The 
paste is permeable to the passage of air 
and water and has a fairly high elec- 
trical resistivity. 


Porosity 


Porosity is defined as that fraction of 
the bulk volume of concrete that is not 
occupied by solid framework. It repre- 
sents the percentage of the total space 
that is available for occupancy by either 
gases or liquids. Powers and Brown- 


yard® concluded that in cement pastes 
there are two types of pores: (1) gel 
pores (i.e., small pores between the gel 
particles within the paste), and (2) 
capillary pores (i.e., larger pores that 
exist between aggregates of gel parti- 
cles). In concrete, in addition to these, 
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there are relatively large pores that form 
beneath aggregate particles due to the 
settling rate of the cement particles 
being faster than that of the aggregate. 
Equations for both gel and capillary 
porosity are given by Copeland and 
Hayes.? The total porosity is propor- 
tional to the water-cement ratio. 


Permeability 

Permeability is a measure of a porous 
material’s capacity to transmit fluids 
through its interconnected pore network. 
If the pores of the medium are not in- 
terconnected there can be no permeabil- 
ity; hence there is a relationship between 
permeability and effective porosity but 
not between permeability and absolute 
porosity. It will be shown in this paper 
that permeability is the single most im- 
portant physical characteristic of con- 
crete that influences the corrosion of 
reinforcing steel. 

Permeability is determined by meas- 
uring the flow of a fluid through a 
sample under a given pressure gradient 
and is expressed by the Darcy’s Law 


Equation: 
QzeL 


SS eS 
APA 


(1) 


where K is the permeability in darcys, 
Q the rate of flow of the fluid in cubic 
centimeters per second, uw the fluid vis- 
cosity in centipoises, L the length of 
the sample in centimeters, 4P the pres- 
sure differential in atmospheres, and A 
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CORROSION OF REINFORCING STEEL IN CONCRETE 


Figure 1—Underside of a 26 year-old Lake Maracaibo platform showing structural deterioration due to 
corrosion of reinforcing steel. 


the cross-sectional area of the sample in 
square centimeters. For convenience the 
millidarcy, one one-thousandth the darcy, 
is used. 

Permeability is related to other prop- 
erties of the material by the Kozeny 
equation: 

3 
K = Ce KI (2) 
2t28,2 (I—¢)® 


where ¢ is the effective porosity, t the 
tortuosity of the interconnected pore 
channels, and S, the specific surface of 
the solid framework of the paste. 
Powers and Brownyard?° solved equa- 
tion (2) in terms of the water-cement 
ratio, evaporable water, void space, non- 
evaporable water, and a factor propor- 
tional to the specific surface of - the 
hydrated cement particles. Using their 
result they calculated the permeabilities 
of cement pastes from the data of Ruett- 
gers, Vidal, and Wing,'! and found that 
the calculated values were much lower 
than those determined experimentally, 
the discrepancy becoming greater the 
greater the water-cement ratio. With 
high water-cement ratios, discontinuities 
develop during the bleeding period that 
allow permeating water or air to bypass 
the regular pore network. Concretes 
show a much greater than theoretical 
permeability due to fissures that form 
under aggregate particles as the paste 
settles faster than the aggregate. 
Powers and Brownyard!? estimated 
the minimum permeability of a_ well 
cured paste of low water-cement ratio 
to be about 2.5 X 10° mds. Other 


authors!3; 14,15 have reported obtaining 
permeabilities of 8.3 * 10-§ mds to 
2.2 X 10-1 mds. The permeabilities of 
cores taken from the Lake Maracaibo 
platform shown in Figures 1, 2, and 3 
averaged 4.7 mds. The ratio of these 
permeabilities is over fifty million indi- 
cating the difference of concrete found 
in practice. 

For concrete, during the bleeding period 
the cement particles settle faster than do 
the aggregate particles and voids are left 


beneath the latter. In addition air bubbles 
rise through the fluid mix and become en- 
trapped beneath the aggregate particles. 
These suggest that the shape and size 
of aggregate influences the permeability. 
The Bureau of Reclamation Concrete 
Manual!® shows this to be the case for 
coarse aggregate. Carlson!* demonstrated 
that lean mixes with a sand fineness 
modulus of 2.25 gave a_ permeability 
only 42 percent that of a mix with a 
fineness modulus of 2.50. The use of 
smaller size aggregate and fine sand 
definitely lowers the permeability. How- 
ever, this is somewhat offset by the in- 
crease in permeability due to the addi- 
tional water required to maintain a 
given workability. 

The method of curing also influences 
permeability. Powers, Copeland, Hayes, 
and Mann!’ found that curing a speci- 
men at 79 percent relative humidity in- 
creased its permeability seventy-fold as 
compared to specimens properly cured. 

The permeabilities given in this sec- 
tion were liquid permeabilities deter- 
mined on core samples fully saturated 
with water. The permeability of a por- 
ous substance to any fluid is maximum 
when the pores are saturated with that 
fluid. When the pores are filled with 
more than one immiscible fluid the 
permeability to either fluid is less than 
if the structure were 100 percent satu- 
rated with that fluid. The permeability 
depends on the fluid saturation and will 
be greater the greater the saturation. 
The permeability to air in a 100 per- 
cent water-saturated concrete structure 


is zero. 


Strength 

The compressive strengths of hydrated 
cement pastes have been shown by Pow- 
ers and Brownyard!? to be a_ linear 
function of the gel-space ratio; that is 
the ratio of the volume of the hydrated 
gel to the original space available. For the 
pastes studied they gave the equation: 
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v 
S = 120,000 —™ . 
w 


a) 


- 3600 (3) 
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where S is the compressive strength in 
psi, V, the volume of water required 
to form a monolayer on the solid par- 
ticles and w, the original water content 
or the original space available. 

The important factor in equation (3) 
is not the actual strength but that the 
strength is directly proportional to the 
surface area of the solid phase. Equa- 
tion (2) showed that the permeability 
is inversely proportional to the square 
of the surface area. The higher the 
strength of concrete the lower is its 
permeability. 

An increase in strength of concrete 
through hydration represents a corre- 
sponding decrease in permeability. 
Concrete completely submerged contin- 
uously gains in strength for its entire 
life. Wakeman, Dockweiler, Stover, and 
Whiteneck® reported a l-year strength 
of 3615 psi and a 20 year strength of 
5305 psi for continuously submerged 
samples. The average 28 day strengths 
for a group of neat cement cylinders 
was 3890 psi. After being submerged in 
Lake Maracaibo for 1 year the strengths 
had increased to 6720 psi. It seems fairly 
certain that the continuously submerged 
parts of coastal structures are more 
highly hydrated than those parts above 
water and consequently have a lower 
permeability. 


Water-saturation 

The pore space (both gel and capil- 
lary) of hydrated cement is usually con- 
sidered to consist of a water solution 
of calcium hydroxide, sodium hydroxide, 
potassium hydroxide, and possibly other 
dissolved hydration products. The water 
in concrete exists in two forms: (1) 
non-evaporable—that which is adsorbed 
on the surface of the cement particles 
and may be considered as part of the 
solid, and (2) evaporable—that which 
may be evaporated depending on the 
relative humidity of the atmosphere in 
contact with the concrete. Water-satu- 
ration (%) refers to the second of these. 
Concrete may experience any degree of 
water-saturation from 0 to 100 percent. 
Its value will be 100 percent only when 
the surface of the concrete is in contact 
with liquid water. Those parts of a 
marine structure above the water line 
have water-saturations less than 100 per- 
cent, but the saturation probably ap- 
proaches 100 percent near the water line. 


Dissolved Oxygen 

At any degree of water saturation 
less than 100 percent the void space of 
concrete contains water, water vapor, 
and air. In permeable concrete the air 
may diffuse a considerable distance into 
the mass of the structure. The water in 
contact with the air is saturated with 
oxygen, its total oxygen content depend- 
ing on its dissolved solids content and 
the solubility of oxygen. There will be 
a higher dissolved oxygen concentration 
in those areas of the concrete of a suf- 
ficiently low water-saturation to permit 
diffusion of air into the pore space and 
whose capillary water has a lower dis- 
solved solids content. 


Electrical Resistivity 
The electrical resistivity of concrete 
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Figure 2—Pile showing exposed corroded reinforcing steel. 


is determined by its total evaporable 
water content (total porosity and degree 
of water saturation) and the resistivity 
of the pore space water which in turn 
is determined by its dissolved solids con- 
tent. An empirical equation used in oil 
reservoir engineering to relate porosity, 
water saturation, and resistivity is 


1 
R, — Ry ia (4) 
o 


where R, is the true resistivity of a 
formation rock, @ the water saturation, 
R,, the resistivity of the formation water, 
¢@ the porosity, and ™ a constant de- 
pending on the degree of consolidation 
of the rock. A similar relation probably 
holds for concrete. High concrete re- 
sistivity is favored by a low porosity, a 
low water saturation, and a pore space 
water of high resistivity. 


Corrosion of Reinforcing Steel 
The San Mateo-Hayward Bridge 

In order to relate the variables dis- 
cussed above to the corrosion of rein- 
forcing steel in a structure exposed to 
a salt water environment, a specific case 
will be considered. Gewertz, Trempter, 
Beaton, and Stratfull have made a 
thorough study of the severe corrosion 
of reinforcing steel in the San Mateo- 
Hayward Bridge in the San Francisco 
Bay area. For a complete account of 
their findings the reader is referred to 
their four excellent papers. * 418 A 
brief summary of what the writer con- 
siders their most significant results is 
given below. 

1. The corrosion was in the form of 
deep pits. 

2. No corrosion was found below the 
water line. 

3. There was no relation between the 
corrosion of the reinforcing steel and 
either prior cracking of the concrete or 
chemical deterioration of the concrete. 

1. The concrete in the corroded area 
was highly permeable. It was of low 
strength, its strength apparently having 
retrogressed from a higher value. 
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5. Considerable quantities of absorbed 
sea salts were found, especially in the 
areas of greatest corrosion. There was 
a gradual decrease in salt content pro- 
gressing inward from the surface of the 
concrete, indicating that the salt had 
accumulated from spray or splashing. 
The greatest amount of salts was found 
in the area between mean tide and 
the highest level of spray action. 

6. Potential profiles showed that the 


areas where there was corrosion were 
anodic to areas where there was no 
corrosion. The anodes and _ cathodes 


were separated by as much as 10 feet. 

7. Repairs made by chipping out the 
corroded areas, applying shot-crete in 
extra thickness, and then applying an 
asphalt coating increased the severity of 
the corrosion under the coating. 

8. Later repairs made by chipping out 
the corroded areas and applying shot- 
crete (without the asphalt) often caused 
the old anodic area, now covered with 
shot-crete, to become cathodic to the 
area around it. 

9. The deterioration of the concrete 
was greater the lower its electrical re- 
sistivity. The resistivities in the cathodic 
areas were greater than in the anodic 
areas. 


Mechanism of the Corrosion 


Stratfull®:* has explained the corrosion 
of this reinforcing steel as being due to 
unequal concentrations of sea salts which 
produced corrosion cells of the differen- 
tial concentration type. Lewis and Cop- 
enhagen’® after an extensive study of the 
corrosion of reinforcing steel in concrete 
structures in South Africa concluded 
that the corrosion was due to unequal 
salt concentrations that resulted from 
unequal permeabilities in the concrete. 
They noted that oxygen was necessary 
to promote the corrosion. 

The fact that oxygen is necessary in 
the corrosion mechanism in concrete 
seems obvious from the type of failure 
always reported. The steel corrodes, 
producing a corrosion product of greater 
volume than the steel consumed in the 
reaction. This corrosion product liter- 


Figure 3—Underside of floor showing exposed corroded reinforcing steel and 


cracks in floor and pile. 


ally has no place to go so that it pro- 
duces large internal pressures in the 
structure and cracks the concrete. In a 
rigid mass such as concrete it is diffi- 
cult to see how this increase in volume 
could occur unless atoms migrate in 
from the outside. This is most easily 
explained by diffusion of oxygen. It is 
doubtful that there has ever been a 
case of seriously corroded reinforcing 
steel in concrete sufficiently impermeable 
to prohibit access of oxygen to the steel 
(except, of course, cases of stray-current 
corrosion). 


That the chloride ion or other dis- 
solved salts are not necessary to the 
corrosion mechanism is proven by at 
least one failure where salts were not 
involved. Shermer?® reported typical 
corrosion of reinforcing steel in a lumber 
drying kiln where the concrete was ex- 
posed to warm moist air. The concrete 
was of fair quality, testing between 3000 
and 4000 psi but there was little cover 
over the steel. Shermer reasoned that 
in order to facilitate casting the small 
beams a high water-cement ratio was 
used producing permeable concrete. 

The facts accumulated to this point 
suggest that the primary cause of the 
corrosion of reinforcing steel in perme- 
able concrete and the establishment of 
widely separated anodes and cathodes 
is differential oxygen concentration. The 
differential oxygen concentrations arise 
in two ways: (1) there is a difference 
in the solubility of oxygen in solutions 
of different dissolved solids content and 
(2) there is a greater availability of 
oxygen in those areas of lower water- 
saturation due to a higher permeability 
to air. The following mechanism is pro- 
posed. 


In the spray and splash zone of con- 
crete structures, sea water is deposited 
on the surface of the concrete in varying 
amounts. The amount deposited depends 
on such physical features as_ relative 
location of structural members, wave 
action, prevailing wind direction, and 
wind force. The water either adheres to 
the surface, runs off, or evaporates de- 
pending on the relative humidity, ex- 
posure to sun and wind, inclination of 
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the surface to the horizontal, and height 
above the water line. The concrete will 
absorb water, its ultimate saturation de- 
pending on how wet its surface is main- 
tained. 


The water that evaporates will leave 
sea salts behind. Their distribution on 
the surface of the concrete will be 
unequal. The salts diffuse by capillary 
action into the pore space of the con- 
crete. The dissolved salt content of the 
pore space water increases in proportion 
to the amount of salt that was deposited 
on the surface and will not be the same 
throughout a member. Increasing salt 
content decreases the solubility of oxy- 
gen. Since the water-saturation of the 
concrete, except near the water line, is 
less than 100 percent, the concrete is 
permeable to air. Air diffuses into the 
pores and oxygen dissolves in the capil- 
lary water, the oxygen concentration 
being greater where the salt content and 
water-saturation are lower. Galvanic cells 
arise with the anodic areas either high 
salt/low oxygen or high water-satura- 
tion/low oxygen and the cathodic areas 
low salt/high oxygen or low water-sat- 
uration/high oxygen. 

To illustrate the effect of dissolved 
salts, the chloride content of a cored 
sample from the platform shown in 
Figures 1, 2, and 3 was 13,135 ppm 
based on the air dried weight of the 
core. The porosity fraction was 0.147. 
If the pore space is considered to have 
been filled with water and the salt as 
sodium chloride is considered all to 
have been dissolved in the pore space 
water, then there were approximately 33 
grams of sodium chloride for each 100 
grams of water. The solubility of sodium 
chloride in pure water at 35 C (ambient 
temperature of Lake Maracaibo) is 36.4 
grams per 100 grams water. When it is 
considered that there were other dis- 
solved solids in the pore space water the 
water was undoubtedly saturated with 
lake salts. 


Uhlig?! gives the solubility of oxygen 
in water in equilibrium with air satu- 
rated with water vapor at 30 C as 
being 7.67 ml/l at zero chlorinity and 
5.37 ml/I at a chlorinity of 20,000 ppm. 
At 330,000 ppm it is even less. 


The differential aeration cells in con- 
crete are much the same as those found 
on pipe lines alternately passing through 
dry and marshy areas. Potential differ- 
ences*? of 0.5 to 0.9 volts have been 
found and result from the higher oxy- 
gen concentrations in dry porous sands 
as compared to water-logged sands, the 
wet areas being the anodes. Stratfull* 
found potential differences on the order 
of 0.5 volts in the San Mateo-Hayward 
bridge. 

The results obtained in applying the 
two different methods of repair to the 
San Mateo-Hayward Bridge corroborate 
differential oxygen concentration as being 
the primary cause of the corrosion. When 
shotcrete and asphalt were applied the 
deterioration proceeded at a faster rate 
than it had before. Covering the area 
with asphalt retarded the diffusion of 
oxygen to the reinforcing steel and this 
area continued anodic to other parts of 





the structure. The use of shotcrete with- 
out asphalt produced the exactly oppo- 
site effect. The fresh shotcrete had not 
accumulated: any sea salt, the solubility 
of oxygen in the pore space water was 
relatively high, and the area became 
cathodic to the other parts of the struc- 
ture that had an appreciable salt con- 
tent. 

In the progress report on the pro- 
tective methods being applied to the 
bridge, Stratfullt discussed wetting units 
used to keep the surface of parts of 
the bridge continuously wet with water. 
It is interesting to note that the ratio 
of anodic to cathodic area increased 
from 1-to-15 to 1-to-4 in six months. 
The concrete wet with water was fully 
saturated, its permeability to air was 
zero, the supply of oxygen to the rein- 
forcing steel was restricted, and addi- 
tional anodic area developed. 

Lewis and Copenhagen’® pictured the 
corrosion of reinforcing steel as result- 
ing from a cell of the type: 


Steel Permeable |Less Permeable Steel 
(Anode) Concrete Concrete (Cathode) 
low pH high pH 
high Cl- lower Cl- 
high O2 lower O2 


They reason that the driving force. of 
the corrosion cell is the difference in 
chloride content coupled with the dif- 
ference in pH and that the differential 
oxygen cell is of less importance and 
opposes the primary cell. This is equiva- 
lent to saying that the differential oxy- 
gen cell is providing a measure of cor- 
rosion protection. Their representation 
of the cell implies that the different salt 
contents and dissolved oxygen concen- 
trations are due solely to differences 
in permeability. Anodic and cathodic 
areas are usually separated from each 


other by 2 to 10 feet. It appears doubt- . 


ful that significantly different perme- 
abilities would be found that close to- 
gether in a single structural member. 
Powers, Copeland, Hayes, and Mann? 
found that cement pastes of the same 
water-cement ratio are likely to have 
similar permeabilities after they have 
reached fairly advanced stages of hydra- 
tion. It is more likely that the differ- 
ences in salt content are due to differ- 
ent spray and splash action than to 
significantly different permeabilities. 


Other Effects of Sea Salts 


The presence of sea salts influences 
the corrosion of reinforcing steel in ways 
other than its effect on oxygen solubility. 
At very high concentrations it reduces 
resistivity; hence anodic areas caused 
by high salt content are always of lower 
resistivity permitting increased galvanic 
currents. The presence of salts both low- 
ers the pH of the pore space water and 
raises the pH required to protect the 
steel. Shalon and Raphael?* showed that 
30 percent sea salt lowered the pH of a 
saturated calcium hydroxide solution 
from about 12.6 to 11.7 and that whereas 
in calcium hydroxide solutions no corro- 
sion was observed above pH 12, with 3.6 
percent sodium chloride, corrosion was 
observed to pH 12.6. The chloride ion 
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is an anodic depolarizer and increases 
corrosion currents by its depolarizing 
action. However in the absence of oxy- 
gen it is doubtful that appreciable cor- 
rosion currents are produced. 


Absence of Corrosion of Reinforcing 
Steel Below the Water Line 


If differential oxygen concentration is 
the cause of the corrosion of reinforcing 
steel, at first analysis it would be ex- 
pected that the worst corrosion should 
occur below the water line. This area is 
fully water saturated and its oxygen 
content can be considered to be zero. 
However no corrosion occurs. This in no 
way invalidates differential oxygen con- 
centration as being the principal cause 
of the corrosion of reinforcing steel. The 
reactions possible at the surface of steel 
in an area of low oxygen concentration 
are different from those in an area of 
no oxygen. The absence of oxygen in 
submerged parts of structures probably 
permits the establishment of a highly 
protective film that prevents ferrous ions 
from passing into solution. This film is 
in little danger of undermining by chlo- 
ride ion penetration since the pore space 
water has only limited access to chloride 
ions. 

Thus in the highly alkaline environ- 
ment of concrete, differential aeration 
cells that produce corrosion exist be- 
tween areas of high oxygen and low oxy- 
gen but not between areas of high oxy- 
gen and no oxygen. A similar situation 
is found with bare steel flowlines in 
Lake Maracaibo. Typical differential 
aeration corrosion is found on the riser 
with the water line area cathodic to the 
lower part of the riser. The corrosion 
rate decreases somewhat as the distance 
from the surface increases. There is a 
sharp increase in corrosion rate at the 
elbow where the horizontal enters the 
mud. There is active corrosion in the 
first 1 to 2 inches of the bottom. One of 
the reasons for the higher corrosion rate 
here is the differential aeration cell be- 
tween the low but real concentration of 
oxygen in the first inch or so of the 
bottom and the higher concentration of 
oxygen in the water. At a greater depth 
where there is no oxygen there is no 
corrosion. 


Prevention of the Corrosion of 
Reinforcing Steel in Concrete Structures 


Corrosion of reinforcing steel in con- 
crete structures can be prevented by 
producing impermeable concrete. This 
has long been recognized in the industry. 
Unfortunately, what constitutes imper- 
meable concrete has not been specified. 
There are no provisions for using per- 
meability measurements as a criteria for 
specifications. It is probably not neces- 
sary to go to such great lengths since 
the permeability can be inferred from 
other variables such as strength and 
water-cement ratio but the permeability 
should not be neglected in design con- 
siderations. 

The permeability of 4.7 mds. is ob- 
viously unacceptable since the Lake 
Maracaibo structure having this permea- 
bility was seriously deteriorated. The 
permeability of 8.3 X 10-8 mds. reported 
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by Powers, Copeland, Hayes, and Mann! 
is the lowest found in the literature. 
Somewhere between lies a value that is 
sufficiently low to prevent corrosion but 
not so low that it is impractical to 
attain. Further tests are required to state 
a range of permeability that should not 
be exceeded. For now all that can be 
said is that concrete for marine exposure 
should be batched with as high a cement 
content and low a water-cement ratio as 
is practicable. 


Specific Mix Recommendations 

For pilings or other parts of a struc- 
ture exposed to spray or splash action, 
7¥%_ bags of cement per cubic yard are 
recommended with 5 gallons of water 
maximum per bag of cement. The water 
content should be reduced to a lower 
value if workability permits. The aggre- 
gates should be washed with fresh water. 
As much of the structure as practicable 
should be precast. To insure maximum 
consolidation, the concrete should be 
placed by vibration. Precast members 
should be cured at least 14 days with 
water prior to installation. Cast-in-place 
members should be well cured with 
water or a commercial curing compound. 
The use of 2 inch cover seems adequate 
but 21% inches would be a hedge against 
poor workmanship. The entire placing 
and erection operations should be rig- 
orously inspected to insure that all 
specifications are met. 

For those parts of coastal structures 
that are not directly subjected to spray 
or splash, seven bags of cement per cubic 
yard are sufficient. For spun prestressed 
piles, eight bags should be used. The 
aggregate should be well graded to pre- 
vent undue segregation during the spin- 
ning process. 


Arresting Corrosion in 
Existing Structures 

Arresting the corrosion of reinforcing 
bar in an existing structure is a more 
difficult feat to accomplish. That the 
corrosion exists implies that the concrete 
is porous and permeable, has accumu- 
lated sea salts in unequal concentrations 
and has a low resistivity. Any measure 
which further reduces the oxygen avail- 
able to the anodic areas increases the 
corrosion of those areas and any measure 
which increases the oxygen availability 
stands the chance of diverting the cor- 
rosion to areas previously cathodic. One 
method of stopping all corrosion would 
be to insulate the entire structure against 
the diffusion of air. This could be done 
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by completely covering the structure with 
an air-impermeable coating or by using 
wetting units and saturating the concrete 
with water. The first seems the more 
practical of the two. A 10 or 12 mil 
coating of a thin film plastic paint over 
the entire structure should stop corro- 
sion. Covering only the anodic areas 
would intensify corrosion. 


A third method which appears to be 
the most practical is cathodic protection. 
The initial results of Stratfull* look 
promising. Future progress reports on 
this project should establish the feasi- 
bility of using cathodic protection. 


Conclusions 


The physical properties of hardened 
concrete that affect the corrosion of re- 
inforcing steel were discussed. It was 
postulated that permeability is the prin- 
cipal physical characteristic influencing 
the corrosion. The corrosion was attrib- 
uted to differential oxygen cells that 
arise due to differing oxygen solubility 
in pore space water of unequal dissolved 
solids content and to restricted avail- 
ability of oxygen in areas of high water- 
saturation. Recommendations were made 
for preventing corrosion in new struc- 
tures. Arresting corrosion in existing 
structures can probably be accomplished 
with thin film plastic coatings or with 
cathodic protection. 
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ADDENDUM 


Since the writing and review of this 
paper, Schaschl and Marsh* have shown 
that in complex differential aeration- 
differential salt cells all of the corrosion 
of the anode is accounted for by the 
differential aeration cell. In the split 
cells used the cell current was _ inde- 
pendent of salt concentration provided 
there was sufficient conductivity in each 
zone to prevent resistance control. Al- 
though the salt contents varied widely 
(0.2 percent vs 3 percent) there was no 
external cell current when there was no 
differential oxygen and there was little 
local action current when there was no 
oxygen. The cell currents were very 
sensitive to scale formation on the anode. 
Complex pH-differential aeration cells 
were also studied. There was no discus- 
sion of cells with pH greater than 9 
but the authors promised a future publi- 
cation that possibly will take up this pH 
region and shed light on the lack of 
corrosion in submerged structures. 


E. Schaschl and G. A. Marsh. Corrosion, 16, No. 
No. 9. 461-467 (1960) September. 
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Hydrogen Pickup During Aqueous Corrosion 
Of Zirconium Alloys* 


By WARREN E. BERRY, DALE A. VAUGHAN and EARL L. WHITE 


Introduction 


HE MECHANISM and means of re- 

ducing hydrogen absorption in zirco- 
nium alloys during exposure in pressur- 
ized-water reactors is currently receiving 
a critical review because of new demands 
in design requirements. Alloys exhibiting 
high strength at elevated temperatures 
over extended periods are needed. The 
principal use for zirconium has been as a 
fuel-element cladding material. Embrit- 
tlement of the zirconium from hydrogen 
could result in cladding rupture and ex- 
posure of the less corrosion resistant nu- 
clear fuel to the primary coolant water. 
A serious consequence would be the 
transport of radioactive fission fragments 
to all portions of the reactor circuit. If 
the fuel alloy were not corrosion resist- 
ant, a catastrophic meltdown might occur 
because of lack of heat transfer and 
blockage of coolant passages from the 
corrosion product buildup and swelling 
of the fuel element. 

There are several sources of hydrogen 
in a pressurized-water reactor. Hydrogen 
is intentionally added to the coolant water 
to combine with free oxygen which may 
be present from the radiolytic decompo- 
sition of the water. Water is formed, 
rather than the oxygen reacting with 
nitrogen under irradiation to form nitric 
acid. The latter could result in corrosive 
effects on reactor components. 

The radiolytic decomposition of water 
also is a source of hydrogen. However, 
excessive quantities do not build up be- 
cause of the recombination of hydrogen 
and oxygen to form water. Corrosion of 
the cladding also is a source of hydrogen 
which, because of its ionic or atomic 
form and its proximity to the metal sur- 
face, can be very effective in hydriding 
zirconium. It is this latter source of hy- 
drogen which will be considered in this 
paper. 

There has been considerable work per- 
formed in studying the variables which 
influence hydrogen absorption in zirco- 
nium alloys during corrosion in high- 
temperature water. It has been demon- 
strated that dissolved hydrogen in the 
water is not responsible for severe hy- 
driding of Zircaloy-2.1:2 Gaseous hydrid- 
ing ceases upon the introduction of water 
vapor. Zirconium with an oxide film 
from exposure to high temperature water 
does not hydride readily upon exposure 
to gaseous hydrogen at temperatures of 
interest (680 F).1:2:3 A partial pressure 
of 30 atmospheres of hydrogen has not 
resulted in excessive hydriding of Zirca- 
loy-2 in 750 F 1500-psi steam. 

It has been found that the amount of 
hydrogen absorbed in Zircaloy-2 ranges 
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Abstract 


Hydrogen absorption during the corrosion 
of zirconium alloys has been studied in 600 
and 680 F water and 750 F 1500-psi steam. 
Results on binary sponge-base alloy series 
indicate that, of the alloying elements 
found in Zircaloy-2, nickel at increasing 
levels markedly increases hydrogen absorp- 
tion. Tin has little or no effect, while iron 
and chromium additions reduce hydrogen 
absorption. Antimony additions also reduce 
hydrogen absorption. However, additions of 
arsenic, antimony, bismuth, or tellurium to 
Zircaloy-2 do not affect the amount of hy- 
drogen absorbed during corrosion, It_ is 
postulated that in zirconium alloys contain- 
ing iron, chromium, or nickel the com- 
pounds of, these elements are cathodic to 
the zirconium matrix. The resulting poten- 
tial difference is sufficiently high to anodi- 
cally polarize the zirconium and thus im- 
prove corrosion resistance. Apparently iron 
and chromium compounds readily depolar- 
ize hydrogen and thereby decrease the pos- 
sibility a its passage through the oxide 
film. Nickel compounds probably do not 
depolarize hydrogen and may aid in its 
passage through the oxide film. 

6.3.20, 4.6.1, 3.7.2, 3.2.2 


from 15 to 50 percent of that theoretically 
available from the corrosion reaction.! 4:5 
Comparison-type corrosion tests have 
shown that this percentage remains un- 
changed with either time of exposure, pH 
in the range of 6 to 10, or during irradi- 
ation.®»6 

Other studies have shown that nickel 
and platinum additions result in increased 
hydrogen absorption in zirconium under 


LT 


per cent 


Pickup of Theoretically Available Hydrogen , 


cathodic polarization during exposure to 
high-temperature water.’ A similar effect 
has been observed with nickel additions 
to Zircaloy-2.6 Hydrogen absorption in 
these nickel alloys is increased during 
corrosion in the presence of irradiation 
or with dissolved hydrogen in the water.® 
The effect of nickel in increasing hydro- 
gen absorption will be further demon- 
strated in this paper. In addition, it will 
be shown that binary additions of anti- 
mony, chromium, and iron to sponge 
zirconium reduce hydrogen absorption 
during corrosion. Finally, results will be 
presented for tests with alloys containing 
antimony, arsenic, bismuth, or tellurium 
additions to Zircaloy-2. The basis for 
these studies was related to the low over- 
voltage of nickel and its ability to cata- 
lyze hydrogenation reactions. Sulfur and 
other elements are known to poison the 
catalytic effects of nickel in chemical re- 
actions. Thus the elements described 
above were added in the hope that a 
similar effect might be exerted on the 
nickel in zirconium alloys. 


Experimental Procedures 


The effect of individual alloying ele- 
ments on hydrogen absorption was studied 
in binary sponge-base zirconium alloys. 


Alloy Content, ae 


Figure 1—Hydrogen absorption in sponge-base zirconium alloys exposed up to 575 days to static 680 F water. 
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Base Material 


Zircaloy-2 None | 1.60 0.17 
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Alloy Addition, Exposure 
Weight Percent Time, Days 
Uni lloyed* ; 168 
Zircaloy-2 406 
0.29 Sn.. 126 
0.51 Sn | 112 
0.16 Fe 532 
0.24 Fe 392 
0.50 Fe | 392 
1.07 Fe 392 
0.05 Cr 126 
0.24 Cr 112 
0.55 Cr 70 
1.30 Cr 168 
0.06 Ni.. 574 
0.25 Ni 574 
0.41 Ni : 574 
0.85 Ni 518 
1.8 Ni | 168 
0.03 Sb 308 
0.10 Sb 364 
0.17 Sb 210 
1.57 Sb.. 364 


* Base alloy contained 0.100 weight percent oxygen, 
nitrogen, 0.005 weight percent nickel, 
weight percent hydrogen 
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| Hy drogen Absorbed 


tom Va 





Gain, mg per Percent ‘of 
mg per dm? PPM dm? | Theoretical 
146 215 8.6 416 
112 107 8.1 58 
118 177 6.7 45 
147 189 8.4 45 
118 128 5.9 39 
113 | 77 3.5 24 
117 114 4. 29 
127 180 7.9 49 
134 60 2.5 15 
111 80 3.8 27 
153 96 3.9 20 
136 130 5.8 34 
113 276 Pek 77 
139 319 14.3 | 81 
109 322 11.8 85 
118 | 350 13.9 | 94 

Lost Weight | 550 | 21.5 | ; 
112 | 50 3.6 26 
107 29 | erik 15 
45 25 | 1.4 8 
5 2.3 15 


118 4: 


0.045 weight percent iron, 0.006 weight percent 
0.005 weight percent tin, 0.004 weight percent chromium, and ¢ 


TABLE eee? of wosstansshd Heats renee for eee 


Nominal | 
| Additions, | 


Percent | Sn | Fe | 





| 0.07 Sb 
| 0.20 Sb 
0.50 Sb 


1.0 Sb, 0.5 Ni} 


0.15 As | 
0.15 Te | - nd 
| 0.15 Bi is os 
Modified | None | 1.05 fa “0.12 | 0.10 
Zircaloy-2 | 0.07 Sb ers 
1 weight 0.20 Sb mos 
percent Sn) | 0.50 Sb f one % 
Modified | None | 0.31 | 0.24 | 
Zircaloy-2 | 0.07 Sb oe A Rare 
0.25 weight | 0.20 Sb 
percent Sn) 


| 0.50 Sb 


i 
| 


Analysis (Balance Zirconium), Weight Percent 
Weight | I— - 1 





| ar 
Ni nM lll Bi 
0.05 <0.001 | <0.001 | <0.0001 | <0.02 
ate) EE 0.05 | no 
a, 0.20 | 
| Ee 0.41 | | 
0.45 1.0 
0.03 | 
fee ae OAL «| 
0.03 | <0.001 | <0.001 | <0.0001 | <0.02 
POM Carne 0.05 aie ee 
| age 0.14 | 
ee: 0.46 | 
| 0.04 | <0.001 | <0.001 | <0.0001 | <0.02 
Sete 0.06 Tee 
ie O17 1s: 
ie OSE | ik cca. 
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The effects of nickel on hyarogen absorp- 
tion and alloying to overcome the ad- 
verse effects of nickel were studied in 
Zircaloy-2 and modified Zircaloy-2 con- 
taining 0.25 and 1.0 weight percent tin. 

The binary sponge-base alloys were 
available from a previous study (sponge 
metal is produced by reduction of zir- 
conium chloride by calcium, magnesium, 
or sodium). They had been vacuum-arc 
melted in a rocking-hearth furnace (tung- 
sten electrode), and then fabricated at 
1370 to 1530 F They were subsequently 
vacuum annealed at 1440 F in argon. 
(Available analyses for these alloys are 
presented with the corrosion results in 
Table 1.) 

The Zircaloy-2-type alloys were pre- 
pared by consumable-electrode arc melt- 
ing. A single ingot of Zircaloy-2 served as 
melting stock for the series of Zircaloy-2 
alloys. The modified Zircaloys were pre- 
pared by adding the prescribed elements 
to sponge zirconium. All alloys were 
melted twice. Analyses obtained for the 
Zircaloy heats are presented in Table 2. 

Specimens were shaper finished after 
annealing to a rectangular cross section 
shape. Total surface area was 6 to 10 sq. 
cm. Specimens were then pickled for 3 
minutes in a room-temperature solution 
of 50 volume percent water, 45 volume 
percent concentrated HNO,, and 5 vol- 
ume percent HF. They were then rinsed 
overnight in cold water. Finally the 
specimens were measured and weighed 
before insertion in the autoclave. 

Vacuum-fusion analyses for hydrogen 
were made on the as-pickled specimens 
for initial content and on selected speci- 
mens after corrosion testing. 

Corrosion tests were conducted in 
static, 1-liter AISI Type 316. stainless 
steel autoclaves. Corrosion specimens 
were suspended from wire hooks and 
were not electrically insulated from the 
autoclave since previous experience at 
Battelle had indicated that insulation was 
not necessary. 

Specimens were exposed to water at 
600 and 680 F and to steam at 750 F and 
1500 psi. Tests were conducted under 
degassed conditions and under a 2-atmos- 
phere partial pressure of hydrogen. The 
2-atmosphere pressure of hydrogen was 
applied externally to the autoclave and 
was transmitted to the autoclave head- 
space by means of palladium tubing. The 
end of the tubing within the autoclave 
was seal welded. The other end was open 
and extended to the outside of the auto- 
clave through a brazed seal. Analysis of 
the water indicated that the hydrogen 
partial pressure within the autoclave was 

about 3, atmosphere. 

Specimens were examined after total 
exposure times of 7, 14, and 28 days 
and every 28 days thereafter. Autoclaves 
were refilled with fresh water at the be- 
ginning of each exposure period. 


Results 
Binary Alloys 
The effect of alloy additions on hydro- 
gen pickup was studied on binary-alloy 
series of sponge-base zirconium contain- 
ing antimony, chromium, iron, nickel, 
and tin which had been exposed to static 
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A—dZircaloy-2 after 406 days’ exposure 
Hydrogen content: 127 ppm 


B—0.29 w/o tin after 126 days’ exposure 
Hydrogen content: 197 ppm 





C—0.50 w/o iron after 392 days’ exposure 
Hydrogen content: 134 ppm 


D—1.8 w/o nickel after 168 days’ exposure 
Hydrogen content: 570 ppm 


Figure 2—Appearance of hydride needles in sponge-base zirconium alloys exposed to static 680 F degassed water. All photomicrographs approximately 120X; etchant 


was 30 parts lactic acid, 30 parts nitric acid, 1 part hydrofluoric acid. 


680 F water for times ranging up to 574 
days. Sponge zirconium and Zircaloy-2 
also were included in the investigation 
for comparison purposes. All specimens 
were exposed well beyond the transition 
in corrosion rates, and almost all ex- 
hibited total weight gains of approxi- 
mately 125 mg per dm?. The corrosion 
films appeared to be adherent on all spe- 
cimens except a 1.8 weight percent nickel 
alloy. Hydrogen analyses before corro- 
sion testing were not secured for the 
alloys, but were presumed to be about 
equal to the 20-ppm content of the 
sponge base. 


The weight gains and hydrogen pickup 


after corrosion for the alloy series are 
presented in Table 1. The results indi- 
cate that the binary alloys containing up 
to 0.85 weight percent nickel were the 
most corrosion resistant, followed in order 
by Zircaloy-2, the iron alloys, and the 
antimony alloys. The chromium and tin 
alloys were less resistant than the base. 
The amount of hydrogen absorbed as 
compared with that liberated during the 
corrosion reaction also is shown in Table 
1. If it is assumed that all of the hydro- 
gen pickup by an individual specimen is 
a result of corrosion, it is apparent that 
sponge zirconium and Zircaloy-2 absorbed 
as much as 58 percent of the theoretically 


available hydrogen, while the nickel al- 
loys absorbed a higher percentage of the 
corrosion hydrogen than the other alloys. 

The percentage of theoretical hydrogen 
absorbed is plotted in Figure 1 as a 
function of alloy content. The high per- 
centages for the nickel alloys are quite 
striking. Even the 0.06 weight percent 
nickel alloy absorbed about 75 percent 
of the hydrogen from corrosion. The tin 
alloys behaved much like the sponge 
zirconium. Antimony, chromium, and 
iron alloys exhibited a minimum in the- 
oretical hydrogen pickup at very low 
alloy levels. The minima were well below 
the percentage of theoretical pickup for 
the sponge zirconium. 
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A—0.16 weight percent iron 


B—0.24 weight percent iron 


C—1.07 weight percent iron 


Figure 3—Microstructures of sponge zirconium-iron alloys. Note precipitates of zirconium-iron compounds at grain boundaries. All photomicrographs approximately 
400X; etchant was 30 parts lactic acid, 30 parts nitric acid, 1 part hydrofluoric acid. 


TABLE 3——Weight-Change Data for Modified Zircaloy Exposed to High-Temperature Water 


Addition, | Transi- 
Weight tion, 


| 

| 

| | Time to | 
| 

| Percent Days 


Alloy 


| | 
No | 


Zircaloy-2 } <0.001 Sb | 
| Transition | 


| 
' 
1.6 Sn | 
| 0.05 Sb | 
| 0.20Sb | 
| 0.41 Sb | 


600 F Water 


Weight Gain, 
mg per dm? 


14 | 
Days | Transition 


Modified 
Zircaloy-2 
1.05 Sn) 


Modified 
Zircaloy-2 
0.31 Sn 


Zircaloy-2 
(1.6 Sn 


Zircaloy-2 
1.6 Sn 


Modified 
Zircaloy-2 
1.05 Sn 


Modified 
Zircaloy-2 
0.31 Sn) 


Zircaloy-2 
1.6 Sn) 


| <0.001 Sb 
0.05 Sb 
0.14 Sb 

| 0.46 Sb 


| <0.001 Sb 
| 0.06 Sb 
|. 


0.17 Sb 
0.51 Sb 
0.03 As 
0.14 Te 
0.11 Bi 


oN why 


and Steam* 


680 F Water 


Time to | mg per dm? 
—| Transi- |— 
tion, | 
Days | 


14 
Days 


224 


Days Transition 


Degassed Conditions 


33 2% ; 21 


32 e 21 
36 27 
31 20 


39 8 18 
43 ¢ 36 
50 44 
36 24 


61 Qf 20 
44 16 
62 , | 24 
34 é 18 





33 f 24 | 
47 f 38 
48 | 12: 38 | 





2 Atmospheres of Hydrogen 





| <0.001 Sb 

Deter- 
mined 
0.05 Sb 7 
0.20 Sb 
0.41 Sb 


| <0.001 Sb 

| 0.05 Sb 

| 0.14 Sb 
0.46 Sb 


| <0.001 Sb 
0.06 Sb 
0.17 Sb 
0.51 Sb 


0.03 As 
0.14 Te 
0.11 Bi 


| 
37 110 19 








Weight Gain, 








750 F 1500 PSI—Steam 


Weight Gain, 
mg per dm? 


Time to 
Transi- 
tion, 14 224 
Days Days | Transition | Days 

















Deter- 
mined 





Tested 














* Obtained from log-log plot of weight gain-time data. 


Examples of the microstructures of the 
corrosion-tested binary zirconium alloys 
are shown in Figure 2. The microstruc- 
tures of the sponge-base and the chro- 
mium and low-antimony alloys were 
similar to that of the tin alloy shown in 
Figure 2. The darker hydride needles 
were uniformly dispersed throughout the 
specimens and, in most instances, were 
located at grain boundaries. Note the 
high concentration of needles in the 1.8 
weight percent nickel alloy. All of the 
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alloys studied, except the tin alloys, ex- 
hibited increasing precipitate (compound 
particles) with increasing alloy content. 
The precipitate tended to form along 
grain boundaries as illustrated in Figure 
3 for zirconium-iron alloys. Thus it ap- 
peared that there might be a relationship 
between the compounds and _ hydriding 
susceptibility. 


Zircaloy-2-Nickel Alloys 
Experiments were conducted to deter- 
mine the effect of nickel on hydrogen 


absorption in Zircaloy-2. Corrosion tests 
were conducted in degassed 680 F water 
with Zircaloy-2 containing 0.57, 0.03 
(normal), and 0.002 weight percent 
nickel. The latter alloy was prepared at 
the Bettis Atomic Power Laboratory of 
the Westinghouse Electric Corporation 
as part of a program to study the effect 
on hydrogen absorption of eliminating 
nickel from Zircaloy-2. 

Hydrogen absorption in these alloys as 
a function of total corrosion (weight 





water 

0.03 
rcent 
red at 
ory of 
ration 
effect 
nating 


oys as 
weight 


March, 1961 


Degassed Metal 


4 Zircaloy -2 (0.03 w/o Ni) 
© Zircaloy -2 -0.45 w/o Ni -I.0 w/ Sb 
O Zircaloy-2 -O0-57 w/o Ni 


8 Nickel-free Zircaloy-2 (0.002 w/o Ni) 


1000 





100 % Hydrogen 
absorbed 


3 
° 











Weight Gain, mg per dm? 











hydrogen 











Weight of Hydrogen in Specimen, mg per dm? 

















Weight Gain,mg per dm@ 


Figure 4—Hydrogen absorption in modified Zircaloy-2 exposed up to 107 days 


to static degassed or hydrogenated 680 F water. 


750 F |500-psi steam with 
negligible hydrogen 


680 F water with negligible 
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680 F water with 2 atm 
hydrogen 


| 
| 


600 F water with negligible 
hydrogen 


———————— 








10 100 
Exposure Time, days 


Figure 5—Corrosion rate curves for Zircaloy-2 containing 0.41 weight percent 


antimony addition. 


TABLE 4—Summary of Corrosion and Hydrogen- Absorption Data for Zircaloy Exposed to 


Addition, 
Weight 
Percent 


<0.001 Sb 
0.05 Sb 
0.20 Sb 
0.41 Sb 


Alloy Base 


Zircaloy-2 (1.60 
Weight Percent Sn) 


Pretransition 


Weight Gain, 
mg per dm? 


600 F Degassed Water 


Hydrogen ‘Ex ure 
Absorbed, ime, 
mg per dm? Days 


224 34.2 
224 33.8 
224 39.3 
224 34.2 


Total 
Weight Gain, 
mg per dm? 


Total 


2 b9 
BOGE 


cnn 


hoboe 


Approximate Transition 


Hydrogen y ‘Ex os ure 
Absorbed, 
mg per dm? 


Posttransition 


Hydrogen 
Absorbed, 
mg per dm? 


Total 
Weight Gain, 
mg per dm? 


ime, 
Days 


2.05 


w 
oo 


pogo gs 
bo 
_ 





<0.001 Sb 
0.05 Sb 
0.14 Sb 
0.46 Sb 


Modified Zircaloy-2 
(1.05 Weight 
Percent Sn) 








40.2 
38.8 
39.6 
36.7 


CO me Orde | 


| tobonons | 


NUOD 


ronDn ¢ 
SSns| er 





<0.001 Sb 
0.06 Sb 
0.17 Sb 
0.51 Sb 


0.03 As 


Modified Zircaloy-2 
(0.31 Weight 
Percent Sn) 


Zircaloy-2 (1.60 
Weight Percent Sn) 











gain) for exposures ranging up to 107 
days is shown in Figure 4. Also included 
in Figure 4 is a Zircaloy-2-0.45 weight 
percent nickel-1.0 weight percent anti- 
mony alloy which will be discussed later 
in the paper. A linear relationship was 
observed between hydrogen pickup and 
total weight gain. As anticipated, the 
slopes of these lines were not equal and 
increased with increasing nickel content. 
Percentage of theoretical hydrogen ab- 
sorbed for each alloy can be obtained by 
dividing the slope by 0.125 and multiply- 
ing by 100.) It is interesting to note that 
for the three alloys the hydrogen pickup 
doubled with a fifteenfold increase in 
nickel content. 


Additives to Zircaloy 

It is possible that the effect of nickel 
on hydrogen absorption in zirconium may 
be related to its low hydrogen overvolt- 
age. It is known that during the elec- 
trolysis of aqueous solutions, very little 
polarization occurs on nickel cathodes. 
Hydrogen atoms associate into molecules 
which are then readily evolved from the 
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cathode. Nickel also is capable of the 
reverse reaction of dissociating molecular 
hydrogen into atomic hydrogen. In this 
respect it is well known for its use as 
catalysts in hydrogenation reactions, It 
is conceivable that the nickel compounds 
in zirconium also may act as catalysts to 
promote hydrogen absorption. On the 
other hand, antimony, chromium, and 
iron compounds in zirconium probably 
have higher hydrogen overvoltages and 
do not possess catalytic activity. 

Sulfur and other elements such as 
arsenic, antimony, bismuth, and tellurium 
are known to poison the catalytic effects 
of nickel in chemical reactions. A similar 
poisoning effect might be expected if 
nickel were acting as a cathode and a 
catalyst in promoting hydrogen pickup 
during the corrosion of Zircaloy-2. 


Zircaloy-2-Nickel-Antimony Alloys 

Based on the above line of reasoning, 
and the observed beneficial effects of anti- 
mony in sponge zirconium, alloys were 
prepared containing arsenic, antimony, 
bismuth, and tellurium additions to 


modified Zircaloy-2. The first such alloy 
consisted of 1.0 weight percent antimony 
addition to Zircaloy-2 containing 0.45 
weight percent nickel. Corrosion data are 
presented in Figure 4 and indicate that 
hydrogen absorption in this alloy was 
about equal to that in a similar alloy 
containing no antimony. Thus the anti- 
mony addition did not influence hydro- 
gen absorption in the Zircaloy-2-0.45 
weight percent nickel alloy. 


Zircaloy-Antimony, -Arsenic, -Bismuth, 
or -Tellurium Alloys 

The effect of the above alloying addi- 
tions in Zircaloy-2 of nominal nickel 
composition (0.05 weight percent) also 
was investigated. Antimony additions 
also were made to two modified Zircaloy- 
2 alloys containing, nominally, only 1.0 
and 0.25 weight percent tin, respectively. 
Hydrogen absorption as a function of 
total corrosion was studied in exposures 
to high-temperature water and steam 
under (1) degassed conditions and (2) a 
small hydrogen overpressure. 
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Corrosion Rates. Test specimens were 
weighed periodically, and corrosion rates 
were established from the weight gains 
obtained. Specimens exposed to 600 F 
water and 750 F steam with 2 atmos- 
pheres of hydrogen were weighed after 


7, 14, ard 224 days of exposure only. 
Thus, co’ rosion rates were not obtained 
for these conditions. The corrosion be- 
havior of the alloy specimens exposed to 
the other four conditions (600 and 680 F 
water and 750 F steam degassed condi- 
tion plus 680 F water with hydrogen) 
was typical of that of Zircaloy-2. Log-log 
plots of weight gain versus time resulted 
in straight lines with initial slopes ap- 
proaching 0.33. This same slope was 
maintained during the entire 224 days of 
exposure to 600 F water. The usual tran- 
sition in kinetics to a linear rate was 
observed in 680 F water and 750 F steam 
under degassed conditions after exposures 
ranging from 65 to 135 days. Weight- 
change data typical of the alloys tested 
are presented in Figure 5. 

Weight-change data for all the alloys 
in the six test conditions are given in 
Table 3. (These data were taken from 
log-log plots of the corrosion results and 
may not correspond exactly to values 
given in Tables 4 through 9.) 

Direct comparisons can be made be- 
tween the 2-atmospheres hydrogen and 
the degassed conditions in 680 F water. 
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They indicate that transition in kinetics 
occurs at about the same time (100 to 
120 days) under both conditions. How- 
ever, in’ general, the pretransition rate of 
attack was lower and the posttransition 
rate was higher under 2 atmospheres of 
hydrogen. Comparisons at 14 and 224 
days for the 600 and 750 F conditions re- 
vealed that higher weight gains were 
obtained with 2 atmospheres of hydrogen. 

In general, antimony in the range of 
0.05 to 0.5 weight percent had little or 
no effect on corrosion behavior. A notable 
exception occurred in 750 F steam, where 
increased corrosion was observed with in- 
creasing antimony contents at 224 days 
of exposure (after transition). 

No improvement in corrosion resist- 
ance was observed with arsenic, bismuth, 
or tellurium additions to the Zircaloys. 


Hydrogen Absorption. Postcorrosion 
hydrogen analyses were obtained at 
weight gains of approximately 25, 40, 
and 60 mg per dm? in an attempt to 
compare amounts absorbed (1) before, 
(2) at, and (3) after transition in reac- 
tion rates. The results are presented in 
Tables 4 through 9. Alloy specimens 
which were exposed to 600 F water and 
750 F steam with 2 atmospheres of hy- 
drogen were examined after 7, 14, and 
224 days of exposure only. Thus, a num- 
ber of analyses were not obtained at 40 


TABLE 5——-Summary of Corrosion and Hydrogen- Absorption Data for Zircaloy Exposed to 


680 F Degassed Water 
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Figure 6—Hydrogen absorption as a function of 
total corrosion in 680 F water for Zircaloy-2 con- 
taining antimony additions. 


mg per dm?, and the analyses of post- 
transition specimens in 750 F steam were 
made at weight gains that were much 
higher than 60 to 70 mg per dm?. 

In general, the amount of hydrogen 
absorbed varied linearly with the total 
















| | Pretransition Approximate Transition | Posttransition 
| BN Ss ce ae at sae Sa aedeagal ms teint ee nig legac a i a as a 
| Addition, Exposure | Total | Hydrogen | Exposure | Total Hydrogen | Exposure | Total Hydrogen 
Weight | Time, (Weight Gain,| Absorbed, | Time, |Weight Gain,| Absorbed, Time, (Weight Gain,| Absorbed, 
Alloy Base Percent Days mg per dm? | mg per dm? Days mg per dm? | mg per dm? | Days | mg per dm? | mg per dm? 
Zircaloy-2 (1.60 | <0.001 Sb 14 | 24.2 112 39.7 2.04 | 196 3.25 
Weight Percent Sn) 0.05 Sb 14 25.0 56 39.8 2.62 | 140 | 4.03 
0.20 Sb 7 28.3 56 41.5 3.31 140 | 4.50 
| 0.41 Sb 14 24.9 84 39.8 1.48 | 140 1.89 
Modified Zircaloy-2 | <0.001 Sb 14 24.5 212 &4 40.6 202 | 168 4.51 
1.05 Weight 0.05 Sb 7 39.0 2.36 112 5.09 
Percent Sn) | 0.14 Sb 7 40.8 4.23 112 | 5.47 
0.46 Sb | 7 25.3 1.08 | 56 40.0 1.47 140 | 1.98 
Modified Zircaloy-2 <0.001 Sb 14 24.9 1.18 84 41.7 1.74 140 58.8 2.47 
(0.31 Weight | 0.06 Sb 28 24.9 0.57 S4 38.7 1.23 196 60.1 2.68 
Percent Sn | 0.17 Sb 7 25.6 1.05 £6 40.1 1.63 168 59.9 2.30 
0.51 Sb 4 23 a 1. 96 ee 2.49 
Zircaloy-2 (1.60 0.03 As 42.7 2.3% 55.7 3.30 
Weight Percent Sn 0.14 Te 7 41.2 3.06 140 65.4 | 2.12 
0.11 Bi ¥ 40.3 2.13 2 59.6 6.2¢ 








TABLE 6—Summary of Corrosion and Hydrogen- Absorption Data for Zircaloy Exposed to 


750 F 1500-PSI Degassed Steam 





















Pretransition Approximate Transition Posttransition 
Addition, | Exposure | Total | Hydrogen | Exposure Total | Hydrogen | Exposure | Total Hydrogen 
Weight Time, |Weight Gain,| Absorbed, Time, |Weight Gain,| Absorbed, Time, Weight Gain,| Absorbed, 
Alloy Base Percent Days | mg per dm? | mg per dm? Days | mg perdm? | mg perdm?| Days mg per dm? | mg per dm? 
Zircaloy-2 (1.60 <0.001 Sb 14 26.0 1.55 42 38.8 140 69.9 | 2.61 
Weight Percent Sn) | 0.05 Sb 7 26.2 1.54 28 410.3 112 71.6 3.69 
| 0.20 Sb 7 24.7 1.30 28 37.7 112 72.7 | 3.82 
0.41 Sb 7 25.9 1.07 28 41.2 : | 

Modified Zircaloy-2 <0.001 Sb 7 25.7 1.93 42 39 3.09 168 | 4.34 
1.05 Weight 0.05 Sb 28 27.3 2.74 42 40.2 3.13 140 | 4.38 
Percent Sn 0.14 Sb 7 24.6 2.17 42 42.0 3.64 196 5.81 
0.46 Sb 7 24. 1.54 42 40.7 2.84 112 4.14 





Modified Zircaloy-2 <0.001 Sb 


7 

0.31 Weight 0.06 Sb 28 
Percent Sn 0.17 Sb 7 

0.51 Sb 7 

Zircaloy-2 (1.60 0.03 As 7 
Weight Percent Sn 0.14 Te 7 
0.11 Bi - 
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24.8 1.43 42 39.7 
28.3 Lig 42 410.3 
24.0 1.38 28 39.4 
25.0 1.48 42 40.8 
25.1 0.95 28 39.1 
25.1 1.30 28 3.0 
25.6 1.90 28 40.5 








1.76 3.31 
1.58 168 2.46 
2.01 168 3.01 
2.14 112 2.36 
1.64 112 3.68 
2.14 112 3.58 
2.56 112 4.77 
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Figure 7—Percentage of theoretically available hydrogen from corrosion that is 
absorbed in the metal as a function of antimony content in Zircaloy-2. 


amount of corrosion. However, a suffi- 
cient number of plots resulted in curves 
to cast some doubt on the linear rela- 
tionship. Examples of both types are 
shown in Figure 6. 

The ratio of hydrogen absorbed to that 
produced from corrosion of a given sam- 
ple is expressed as a percentage of theo- 
retical and plotted as a function of anti- 
mony content in Figures 7, 8, and 9. The 
curves for posttransition hydrogen ab- 
sorption generally were lower than those 
for pretransition. This again suggests a 
nonlinear relationship between hydrogen 
absorption and total corrosion. However, 
the curves generally were parallel and 
indicated that antimony additions in Zir- 
caloy do not result in a marked reduc- 
tion in hydrogen absorption. In fact, in 
the range of 0.1 to 0.2 weight percent 
antimony, the percentage of theoretical 
absorption usually was higher than that 
of the base alloy or the 0.5 weight per- 
cent antimony alloy. 

It is interesting to note from Figures 
7, 8, and 9 that the modified Zircaloy-2 
alloys containing 0.31 weight percent tin 
exhibited the lowest percentages of theo- 
retical absorption. These alloys differed 
from the other Zircaloys not only in that 
they were low in tin (0.31 weight per- 
cent) but also were high in iron (0.24 
weight percent). 

No reduction in percentage of theo- 
retical hydrogen absorption was obtained 
with additions of arsenic, bismuth, or 
tellurium to the Zircaloys. 


Discussion and Conclusions 

The results of these experiments have 
further demonstrated that relatively small 
quantities of nickel (at about 0.05 weight 
percent) in zirconium or Zircaloy-2 result 
in increased hydrogen absorption during 
corrosion in high-temperature water and 
steam. It has also been shown that, of 
the other elements common to Zirca- 
loy-2, tin has little or no effect on hy- 
drogen absorption, while iron and chro- 
mium decrease hydrogen absorption in 
sponge-base binary alloys. Minimum 
absorption was observed in the vicinity 
of 0.1 to 0.2 weight percent additions in 
the latter alloys. 
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Figure 8—Percentage of theoretically available hydrogen from corrosion that is 
absorbed in the metal as a function of antimony content in modified Zircaloy-2 


(1.05 weight percent tin). 





; 


r 





a 


Before transition 
a— ——After transition 


| 


—— 





Water With 2 
rogen 


-PS! Steam 
of Hydrogen} 


| 
| 








aol. 800 F Water With Negligible 
Hydrog 





en 


Water With en 








750 F I500-PSI Steam | 
With Negligible 
Hydrogen 





























Hydrogen Picked up by Metal, per cent of hydrogen theoreti- 


cally available 


Oo oO! O02 G3 04 05 06 0 Ol 





02 03 04 05 06 O Ol 








02 03 04 O5 06 


Antimony Content, w/o 


Figure 9—Percentage of theoretically available hydrogen from corrosion that is absorbed in the metal as a 
function of antimony content in modified Zircaloy-2 (0.31 weight percent tin). 


Although the addition of antimony to 
sponge zirconium results in a marked 
decrease in hydrogen absorption during 
corrosion of binary alloys, it produces 
little or no effect when added to Zirca- 
loy-2. Additions of arsenic, bismuth, or 
tellurium to Zircaloy-2 also do not affect 
hydrogen absorption during corrosion. 

A 2-atmosphere partial pressure of 
hydrogen over the 600 and 680 F water 
or 750 F steam did not result in increased 
hydriding of Zircaloy-2 above that ob- 
served under degassed conditions. 

Based on present information, it is 
suggested that corrosion and hydrogen 
absorption in zirconium alloys during ex- 
posure to high temperature water or 
steam can be described by the following 
paragraphs. 

The oxide which forms on crystal-bar 
zirconium (thermal decomposition of 
zirconium iodide) may be protective dur- 
ing initial exposures to high-temperature 
water. However, the film eventually 
reaches a certain thickness at which the 
internal stresses in the film cause it to 


rupture and it no longer is protective. 
The time to loss of protection decreases 
as the temperature increases—it may be 
only a matter of hours at 750 F. At 
these high temperatures the oxide film is 
not completely protective even during 
initial exposure and affords access to 
the underlying metal. Thus a portion of 
the hydrogen from the corrosion reaction 
is able to react with the zirconium. 
The addition of tin to zirconium does 
not improve the quality of the oxide film 
and hence would not be expected to 
affect hydrogen absorption appreciably. 
Chromium, iron, and nickel have ex- 
tremely limited solubility in zirconium, 
and precipitates (apparently compounds 
of these elements) are formed at levels 
as low as several hundred ppm. If these 
precipitates are present as discrete par- 
ticles, a marked improvement in corro- 
sion resistance results. It is suggested that 
these compound particles are strongly 
cathodic to the zirconium matrix and the 
resulting potential difference is sufficient 
to anodically polarize the zirconium. This 
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TABLE 7—Summary of Corrosion and Hydrogen- Absorption Data for Zircaloy Exposed to 
600 F Water with 2 ATM of Hydrogen 











_Pretransition 


| Exposure | Total Hydrogen ‘Exposure 
Weight Time, |Weight Gain,| Absorbed, Time, 
Percent Days mg per dm? | mg per dm? Days 


<0.001 Sb “0.001 Sb | 224 33.3 1.32 224 
| 


Approximate Transition 


Posttransition 


Total 
Weight Gain, 
mg per dm? 


Hydrogen 
Absorbed, 
mg per dm? 


Exposure 
Time, 
Days 


Hydrogen i 
Absorbed, 
mg per dm? 


Total 
Weight Gain, 
mg per dm? 


40.2 2.09 


Addition, 
Alloy Base 


Zircaloy-2 (1.60 
Weight Percent Sn) 0.05 Sb 14 25.2 1.81 224 44.2 3.44 ‘ode 
0.20 Sb ron 224 39.9 3. 224 


0.41 Sb 224 47.8 


=e 
bode: - 


ggg | age: 


49.8 
41.0 


224 
224 


| <0.001 Sb 
0.05 Sb 
0.14 Sb 
0.46 Sb 


Modified Zircaloy-‘ 
1.05 Weight 
Percent Sn) 


- PAS 
_ OOF 


224 39.8 


Modified Zircaloy-¢ 41. 5 
0.31 Weight 
Percent Sn 


<0.001 Sb et 14 
0.06 Sb | ae aT 
0.17 Sb A Le ats 294 | 35.2 
0.51 Sb fa ane 1. Ge" Gar 





41.9 
38.4 
39.5 


0.03 As 224 
0.14 Te eat Lee tata | 14 
0.11 Bi ; ee 14 


Zircaloy-2 (1.60 
Weight Percent $ 




















TABLE 8——Summary of Corrosion and Hydrogen- Absorption Data for Zircaloy Exposed to 
680 F Water with 2 ATM of Hydrogen 











Posttransition 


Total Hydrogen 
Weight Gain,| Absorbed, 
mg per dm? | mg per dm? 


Approximate Transition 


Total 
Weight Gain, 
mg még per dm? dm? 


| Pretransition 


E: xposure 
Time, 
Days 


168 60.3 


Hydrogen Exposure 
Absorbed, = 
mg | mg per dm? dm? ys 


Hydrogen 
Absorbed, 
mg per dm2 


Total 
Weight Gain, 
mg per dm? 


Addition, Exposure 
Weight Time, 
Alloy Base Percent Days 
Zircaloy-2 (1.60 
Weight Percent S 0.05 Sb 
0.20 Sb 44 


| 
| <0.001 Sb | 56 | 25. | ie .02 
0.41 Sb 56 25.6 24 


50.4 2.0. 140 
42.9 1.4 | 140 


| <0.001 Sb 25. 71 
0.05 Sb | é 25. 90 
0.14 Sb | 56 26. 2.05 
0.46 Sb | 56 24.6 .26 


Modified Zircaloy-< 
(1.05 Weight 
Percent Sn) 


37 4 2.26 168 
46.6 f | 
38.9 
45.7 


168 
168 
168 


18 eee she 168 


Neto 


| 


<0.001 Sb | ~ 0.97 5 34.2 
0.06 Sb 56 | 25. | 0.91 < 
0.17 Sb | | 1.13 
0.51 Sb 0.93 


Modified Zircaloy-% 
0.31 Weight 
Percent Sn 


- Qn 


0.03 As 
0.14 Te 
0.11 Bi 


1,40 
0.80 


Zircaloy-2 (1.60 
Weight Percent § 











TABLE 9——Summary of Corrosion and Hydrogen- Absorption Data for Zircaloy Exposed to 
750 F q 500- PSI Steam with 2 ATM of separa 





Posttransition 


Exposure Total ‘H ydrogen Exposure Total Hydrogen 
Time, |Weight Gain,| Absorbed, Time, |Weight Gain,| Absorbed, 
Days mg per dm? | mg per dm? Days mg per dm? | mg per dm? 


224 


Pretransition Approximate Transition 


Total _ 
Weight Gain, 
mg per dm? 


Hydrogen 
Absorbed, 
mg per dm? 


Exposure | 
Time, 


| Addition, 

Weight 

Alloy Base Percent 
| <0.001 Sb 
0.05 Sb 
0.20 Sb 
0.41 Sb 


Zircaloy-2 (1.60 41.5 


Weight Percent S 


3-767 


Modifie d Zircaloy-: 
(1.05 Weight | 
Percent Sn) 


| <0.001 Sb 
0.05 Sb 
0.14 Sb 
0.46 Sb 


Modified Zircaloy-: 
(0.31 Weight 
Percent Sn) 


<0.001 Sb | 

0.06 Sb | 
0.17 Sb 
0.51 Sb 


0.03 As 
0.14 Te 
0.11 Bi 


Zircaloy-2 (1.60 
Weight Percent Sn) 











It is also believed that the chromium, 


results in the formation of a thin protec- 
tive oxide film over the zirconium. 

A similar theory has been proposed for 
the behavior of iron and _ nickel 
pounds in aluminum® and for palladium 
compounds in zirconium.® This explana- 
tion also could account for the corrosion 
resistance of sponge zirconium which 
contains in the neighborhood of 500 ppm 
iron as an impurity. 
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com- 


iron, and nickel compounds possess a low 
hydrogen overvoltage. The hydrogen ions 
from the corrosion reaction form on the 
surface of the oxide and migrate to the 
vicinity of the cathodic compounds. They 
are discharged by electrons migrating 
outward through the oxide film. In the 
case of iron and chromium alloys the 
hydrogen atoms are readily associated 


into molecules and pass into the water 
rather than diffusing through the oxide 
film. However, a small percentage do 
migrate through the oxide film and react 
with the underlying metal. This diffusion 
probably occurs in the vicinity of the 
compound particles. The oxide film has 
been observed to grow faster over the 
compound particles.1°1! Thus diffusion 
apparently occurs more readily at these 
areas. 
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The nickel compounds, on the other 
hand, apparently do not associate the 
corrosion hydrogen. Thus, concentrations 
of hydrogen atoms (or ions) build up in 
the vicinity of the nickel compounds. The 
hydrogen diffuses through the more por- 
ous oxide over the particles and then 
reacts with the underlying metal. The 
passage of hydrogen through the oxide 
film apparently has no disrupting effect. 
The present work has shown that the 
binary nickel alloys were more corrosion 
resistant than Zircaloy-2. The absence of 
any beneficial effects of antimony, arsenic, 
bismuth, or tellurium additions in reduc- 
ing hydrogen absorption in Zircaloy-2 
does not necessarily refute the proposed 
catalytic effect of nickel. Instead it may 
indicate that the addition of these ele- 
ments is not an effective method to 
“poison” the nickel compounds. 

The improved corrosion resistance and 
decreased hydrogen absorption obtained 
with antimony additions to sponge zir- 
conium may be explained in several ways. 
Published information indicates complete 
solubility of antimony in zirconium at 
the levels studied in this program.!? The 
zirconium oxide formed during corrosion 
in high-temperature water is an anion- 
deficit semiconductor in which oxygen 
migration via anion vacancies is the rate- 
controlling step in corrosion. The incor- 
poration of cations of higher valence 
than Zr*4, such as Sb*®, into the oxide 
lattice should reduce the number of 
vacancies. Providing the mobility of the 
vacancies was not increased, the oxygen 
diffusion in the film would decrease and 
corrosion resistance would improve. The 
more resistant film also could be more 
resistant to hydrogen diffusion. On the 
other hand, the present study has indi- 
cated increasing precipitate (compounds) 
with increasing antimony content. The 
compounds may have contained antimony 
and iron, with the iron coming from the 


sponge melting stock. In this event, the 
compound particles could have been ca- 
thodic and the same mechanism would 
apply as described for the iron com- 
pounds. 

The transport of hydrogen throughout 
the microstructure of the corrosion-tested 
alloys apparently occurs by diffusion. At 
the corrosion-test temperatures the solu- 
bility of hydrogen in zirconium is several 
hundred ppm. Thus, if hydrides were 
formed at the metal-oxide interface, the 
hydrogen would subsequently dissolve in 
the zirconium, and then diffuse inward 
under the driving force of the concentra- 
tion gradient. The absence of a surface 
hydride layer in the zirconium indicates 
that the diffusion rate is more rapid than 
the rate of formation of the hydride. 
When the corrosion specimens are cooled 
to room temperature the solubility limit 
for hydrogen (about 20 ppm) is ex- 
ceeded, and zirconium hydride needles 
are precipitated. 

Hydrogen concentrations of upwards 
of 500 ppm were found in nickel-zirco- 
nium alloys. The hydride needles ap- 
peared to be uniformly distributed 
throughout the specimens when exam- 
ined at room temperatures. For uniform 
distribution of this concentration to occur 
as described above it would be necessary 
for the nickel-zirconium compound itself 
to have a high solubility for hydrogen or 
to increase the solubility for hydrogen in 
zirconium at the corrosion-test tempera- 
tures. It is known that at least one of 
the nickel-zirconium compounds (ZrNi) 
can be hydrided to a greater extent than 
zirconium.?3 

An alternate explanation would be the 
diffusion of hydrogen through zirconium 
hydride. A high partial pressure of hy- 
drogen is necessary for this to occur.!4 

Many of the points raised in this dis- 
cussion are based on conjecture. To fur- 
ther clarify the concepts it would be 
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desirable to prepare alloys having the 
composition of the iron, chromium, and 
nickel compounds. (The zirconium-rich 
compounds ZrFe,, ZrCr., and Zr,Ni, are 
those most likely to be present at low 
alloying levels.) The properties of these 
compound alloys should be compared at 
corrosion-test temperatures with those of 
unalloyed zirconium on the basis of: (1) 
corrosion behavior, (2) electrode poten- 
tials, (3) hydrogen diffusion rates, and 
(4) terminal solubility of hydrogen. 
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Anodic Polarization of Lead-Platinum Bielectrodes 
In Chloride Solutions” 


Introduction 
eo PLATINUM is widely 


used as an inert anode in various 
electrolytic processes, the high cost of 
the metal limits its application. Recently, 
there has been considerable interest in 
more economical anodes consisting of a 
thin coating of platinum (0.00005 inch) 
applied to metals such as tantalum, tita- 
nium and zirconium. 

Cotton! has observed that although 
titanium pits and rapidly corrodes when 
anodically polarized at high current den- 
sities in chloride solutions, it remains 
passive when a comparatively small elec- 
trode of platinum is welded to the metal 
surface. Cotton has shown also that a 
similar effect could not be obtained with 
copper, aluminum or stainless steel, indi- 
cating that the oxide film on titanium is 
resistant to penetration by chloride ions. 

It is apparent that when a titanium- 
platinum bielectrode is anodically polar- 
ized in chloride solutions, film growth on 
the titanium proceeds to a limiting thick- 
ness only; the high resistance of the film 
then causes electron current to flow 
through the platinum and film growth 
ceases. The system may be_ regarded 
either as (1) a platinum anode supported 
by a metallic conductor which is insu- 
lated by its own oxide, or (2) as a 
Ti-TiO, system in which the presence of 
platinum prevents the potential across 
the oxide increasing to a value where film 
breakdown and pitting occurs. With 
titanium in chloride electrolytes this po- 
tential is ~12-14 V, whereas very high 
potentials can be applied to tantalum 
without producing pitting.* These metals 
are characterized by forming dielectric 
oxide films during anodic polarization so 
that the entire current passes through the 
platinum. 

There is, however, a further possibility. 
Lead peroxide has an electrical conduc- 
tivity® of 0.94-4.05 x 10-* ohm. cm. which 
is comparable to that of a_ metal. 
Pb-PbO, anodes have several applications. 
The use of a 1 percent Ag/Pb alloy for 
electrowinning is well known and was first 
suggested as an anode for cathodic protec- 
tion by H. Wheeler? following laboratory 
trials. A 2 percent Ag/Pb alloy has been 
investigated recently for use in the Ca- 
nadian Navy® and a | percent Ag/6 per- 
cent Sb/lead alloy is in commercial use.® 
Crennell* considers that the 1 percent Ag 
addition to lead provides an anode which 
is satisfactory up to 10 Amp/ft? but at 
higher current densities—say over 15 
Amp/ft®, a film of high electrical resist- 
ance may be produced. There appears to 


* Submitted for publication May 10, 1960. 
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By L. L. SHREIR 


Abstract 


An account is given of potential-time 
studies made to determine the effect of a 
latinum microelectrode on the behavior of 
ead in chloride solutions. Topics discussed 
include current through platinum electrode, 
effect of relative areas of platinum/lead on 
potential, effect of withdrawal and inser- 
tion of platinum, weight change during 
anodic polarization, formation of lead per- 
oxide films and use for cathodic protection 
of platinum-lead bielectrodes. It is con- 
sidered that the platinum microelectrode 
serves to: (1) limit the initial formation of 
lead chloride, (2) oxidize plumbous ions to 
lead peroxide, (3) act as a “‘chlorine valve”’ 
so that lead chloride formation is prevented 
during operation. 3.8.3, 6.3.8 


be no satisfactory explanation of the role 
of silver in promoting formation of lead 
peroxide. 

During a study of the anodic polariza- 
tion of lead and lead alloys in seawater 
it was considered that the introduction of 
a platinum microelectrode into the lead 
surface might produce a fundamental 
change in the electrode process and re- 
sult in the formation of lead peroxide 
rather than plumbous chloride. Some de- 
tails have been reported previously by 
Shreir and Weinraub.* 8 

The present work describes some pre- 
liminary results of potential-time studies 
which serve to illustrate the effect of a 
platinum microelectrode on the behavior 
of lead in chloride solutions. 


Experimental 
Lead Anodes 

The lead used was “commercial high 
purity” (supplied by Associated Lead 
Ltd., England) having an analysis of 
>99.9 percent lead and was used in the 
form of an anode 1 inch x 1 inch diam- 
eter (Figure 1). Connection to the con- 
ducting wire was made using an un- 
plasticized polyvinyl chloride holder and 
neoprene washer to prevent ingress of the 
electrolyte. The end of the anode was 
rounded and the total area of the anode 
exposed to the electrolyte was 3.5 in.’ 
For certain experiments a 1 percent 
Ag/Pb alloy was used. 

Platinum wire, % inch long, was intro- 
duced into the lead by drilling a hole 
slightly larger than the diameter of the 
wire, inserting the wire so that ¥% inch 
projected and peening the lead surround- 
ing the platinum. This simple procedure 
ensured that the platinum was firmly 
secured to the lead surface and gave a 
satisfactory electrical connection. For 
convenience, the different positions of the 
platinum microelectrodes used will be 
referred to by the letters “a” and “b” 
shown in Figure 1. 


Prior to electrolysis, the surface of the 
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lead was cleaned by scraping with a 
razor blade. 


Cathode 

A sheet steel cathode, 6 inch x 4 inch, 
was used in all experiments and was 
placed 6 inches from the lead anode. 


Electrolyte 

Electrolysis was carried out in a glass 
cell containing 4 liters of 0.5M NaCl. 
Fresh electrolyte was used for each ex- 
periment to ensure that hypochlorite 
formed during electrolysis was kept to a 
minimum. Certain tests, of a more pro- 
longed nature, were carried out in artifi- 
cial sea-water® using 5 gallons of solution. 


Potential-Time Curves 
Direct current was provided by recti- 
fied a-c from a rectifier-transformer as 
used for cathodic protection installations. 
The output voltage had 1 percent a-c. 
Current control was effected by means of 
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Figure 1—Method of mounting a lead anode. Plat- 


inum microelectrodes are at positions a’ and “’b” 
(four microelectrodes could be inserted in positions 
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ANODIC POLARIZATION OF LEAD-PLATINUM BIELECTRODES IN CHLORIDE SOLUTIONS 


Figure 2—Anodic polarization of lead in artificial sea water. Left: pure lead, 30 Amp/ft? for 16 hours; 


. variable transformer and rheostats. The 
potential of the lead-electrolyte interface 
was determined by a Luggin capillary 
ind calomel half-cell (saturated KCl, 
FE, = 0.2422 V.) in conjunction with a 
valve voltmeter. All potentials given are 
relative to this electrode. To avoid inter- 
fering with film formation the capillary 
was arranged so that it was very close 
but not actually touching the lead sur- 
face. The small IR drop through the 
electrolyte was considered negligible for 
the purpose of the present work. 


Results 
Effect of Platinum Microelectrode on Lead 


The behavior of lead when anodically 
polarized in 0.5 M KCI electrolyte was 
not reproducible and appeared to depend 
on the mode of crystallization of the lead 
chloride. At current densities up to 30 
Amp/ft? the lead chloride did not appear 
to form a coherent deposit on the lead 
surface and continued passage of cur- 
rent resulted in complete disintegra- 
tion of the anode (see left side of Fig- 
ure 2). Appreciable amounts of lead 
peroxide were produced in the electrolyte 
and on the surface of the lead chloride 
coating the anode. A typical potential- 
time curve at 30 Amp/ft? (Figure 3) 
shows that the potential rises rapidly to 
a maximum of 18 V and then fluctuates 
from 14 to 18 V during subsequent pas- 
sage of current. In certain experiments, 
however, particularly at higher current 
densities, the lead chloride was observed 
to form a thick, compact, coherent de- 
posit. In such cases voltages as high as 
70-90 V were required to maintain the 
current (50 Amp/ft?). Figure 2 (right 
side) shows a 1 percent Ag-Pb anode, 
containing platinum micro-electrodes, 
after 200 hours at 200 Amp/ft?. 

Figure 4 shows the results obtained 
using lead anodes containing two micro- 
electrodes of platinum (0.020 inch di- 
ameter, position “a”) polarized at 30 
Amp/ft? (curve B) and 60 Amp/ft? 
(curve A). 

The curves are characterized by an 
initial rapid increase in potential, similar 
to that observed with lead alone, and 
after reaching a peak potential (4.8 V at 
30 Amp/ft?, 7.2 V at 60 Amp/ft?) the 
potential gradually falls to a value of 
~2 V. Observation of the platinum dur- 


right: 1 percent Ag/Pb with platinum microelectrodes after 200 hours at 200 Amp/ft?. 


ing the experiment showed that evolution 
of gas appeared to coincide with the peak 
potential. The anodes were found, on 
removal from the electrolyte, to be coated 
with a soft spongy deposit of lead per- 
oxide although even after 4 hours small 
areas of lead chloride were visible. More 
prolonged electrolysis (24 hours) ap- 
peared to cause consolidation of the lead 
peroxide which then formed a continuous, 
hard, coherent coating on the lead sur- 
face. After this period there was no evi- 
dence of lead chloride on the surface. 
Under carefully controlled conditions it 
was possible to obtain, in certain cases, an 
anode which revealed that initially the 
lead peroxide formed around the plati- 
num microelectrodes and then subse- 
quently extended over the lead surface 
(Figure 5). This effect, however, was not 
reproducible; usually the lead peroxide 
appeared to form on all parts of the lead 
surface and appreciable amounts passed 
into the electrolyte. It is of interest to 
observe that very little lead peroxide 
deposited on the platinum which pro- 
jected into the electrolyte. 


Effect of Relative Areas of Platinum/Lead 

As the size and number of the platinum 
microelectrodes are clearly of practical 
importance it was considered of interest 
to examine anodes containing a variety 
of platinum microelectrodes. Details of 
the bielectrodes are given in Table 1 and 
the results of potential-time studies in 
Figures 6 and 7. The specimens used to 
obtain the results given in Figure 7 con- 
sisted of lead rod (0.39 inch x 0.39 inch 
section) mounted in an epoxy resin so 
that 0.15 in? was exposed to the elecro- 
lyte and the platinum wire was inserted 
in the center. 

All curves are again characterized by a 
rapid increase in potential followed by 
a gradual decrease to a steady state po- 
tential of 1.5 V to 2.0 V (Figure 7). 
Curve A is of particular interest showing 
that a platinum wire as small as 0.003 
inch diameter, inserted in lead of area 
3.5 in,” is capable of fundamentally 
changing the electrode processes. Similar 
results have been obtained by embedding 
particles of iridium powder in the lead 
surface or by using a graphite micro- 
electrode. 
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Figure 3——-Potential-time curve for lead anodically 
polarized at 30 Amp/ft? in 0.5 M NaCl (potentials 
relative to saturated calomel). 


In general, it would appear that for 
bielectrodes of similar geometry, the 
larger the ratio of lead to platinum the 
higher the maximum potential and the 
more prolonged is the time required for 
attainment of a steady state potential. 
However, even the smallest microelec- 
trode appears to be capable of stabilizing 
a coating of lead peroxide on the metal 
surface. 


Effect of Withdrawal and Insertion of 
Platinum 

Figure 8 shows the effect of removing 
the platinum microelectrodes (2 wires, 
0.020 inch diameter at position “a”) from 
a bielectrode which had been anodically 
polarized at 30 Amp/ft? for 24 hours. 


-The steady state potential was 1.5 V 


and the lead was observed to be uni- 
formly coated with lead peroxide. Re- 
moval of the platinum (R) resulted in a 
rapid increase in potential and the simul- 
taneous formation of lead chloride which 
could be observed in the electrolyte as 
streamers diffusing away from the anode. 

Figure 9 was obtained by first anodi- 
cally polarizing lead (without platinum) 
at 30 Amp/ft’ for two hours, the potential 
reaching approximately 18 V. The anode 
was then removed from the electrolyte, 
a platinum microelectrode inserted (0.050 
inch diameter position “a”) and the bi- 
electrode returned to the electrolyte and 
electrolysis continued. Two characteristic 
curves, A and B are shown in Figure 9. 
Curve A is characterized by a hump 
whereas Curve B shows a continuous de- 
crease in potential to ~ 3.0 V after 60 
minutes; more prolonged electrolysis re- 
sulted in a further decrease to ~ 1.7 V. 


Effect of Platinum Microelectrode on 
Lead Peroxide Formed in Sulfuric Acid 


A thin lead peroxide film was produced 
by anodizing in sulfuric acid and a plati- 
num microelectrode was then inserted in 
the lead. On polarizing in sodium chlo- 
ride solution the potential-time curve was 
observed to be similar to that shown in 
Figure 4 (Curve A). These results, and 
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Figure 4—Effect of current density. Lead-platinum (microelectrodes, 2a) in 0.5 M NaCl at 30 Amp/ft? 
(curve A) and 60 Amp/ft? (curve B). 


Figure 5—Formation of lead peroxide around the 
platinum microelectrodes. 


observations of the anode, showed that 
the preformed lead peroxide had very lit- 
tle effect on the process and it would ap- 
pear that lead chloride formation was a 
necessary prerequisite for subsequent for- 


TABLE 1—Variation of Ratio of Area of Lead /Platinum 








No. and 
Position of Area of 

Platinum | Lead/Area | Maximum 
Electrodes jof Platinum) Voltage, V 


Dia. of 
Platinum, 
(Inches) 


mation of lead peroxide. 


Current Through Platinum Microelectrode 


Although with titanium-platinum_bi- 
electrodes all the current passes through 
the platinum, observations of the plati- 
num of a lead-platinum bielectrode in- 
dicated that the evolution of chlorine 
appeared to be small and only varied 
slightly with increasing current. 

Curve A of Figure 10 is a potential- 
current density curve for a_ platinum 
electrode in 0.5M sodium chloride. Curves 
B and C are corresponding curves for a 
platinum microelectrode and lead _ per- 
oxide respectively of a lead-platinum bi- 
electrode. From the potential and area of 
the microelectrode it is possible to obtain 
from Curve A the current density and 
current. The results are given in Table 2 
which shows that the current density on 
the platinum is less than that on the lead 
peroxide, and that this effect becomes 
more pronounced with increasing current 
density. This presumably is due to the 
fact that, although the true area of the 
platinum approximates to its apparent 
value, there is a large discrepancy be- 
tween these values for the lead peroxide 
owing to the very large roughness factor. 


Weight Change During Anodic Polariza- 
tion 

Figure 11 shows the change in weight 
of a pure lead, 6 percent Sb/Pb and 1 
percent Ag/Pb, containing two 0.020 inch 
diameter platinum microelectrodes (posi- 
tion “a’), during polarization in artificial 
sea water at 30 Amp/ft’. The weight of 
the anode was approximately 180 gm. 
The 6 percent Sb/Pb alloy gave the most 
pronounced weight increase and sections 
of the lead showed that the lead peroxide 
formed a comparatively thick film. 
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Discussion 


It is apparent from the present study 
that a microelectrode of a noble metal 
inserted in a lead surface can result in 
the formation of a stable coating of lead 
peroxide on lead during anodic polariza- 
tion in chloride solutions. This effect, 
which can be caused by a platinum wire 
of only 0.003 inch diameter or a few 
crystals of iridium, provides a bielectrode 
which can be used at high current densi- 
ties in chloride solutions without the for- 
mation of a high resistance film of lead 
chloride. 

Although further studies are necessary 
to establish the exact mechanism of the 
process, certain conclusions are possible 
from the present study. 

It is considered that the following re- 
actions are relevant: 


Pb*+ + 2e = Pb, 
E = — 0.126 + 0.030 log ap,++ 


PbO, + 4H* + 2e = Pb*+ + 2H.0, 
E = 1.482—0.118 pH 
—0.030 log app++ 


Cl, + 2e = 2Cr, 
E = 1.36 + 0.059 log pe:, — 0.030 log ac, 


(3) 
PbCl, = Pb*+ + 2CI-, 


K = 1.6 x 10°5 (4) 


The assumption that lead peroxide is 
formed by oxidation of plumbous ions 


2 (a) 

5 (4a, Ib) 
1, Center 
1, Center 
1, Center 


TABLE 2—Current Passing Through Platinum 


Lead-platinum bielectrode, three platinum micro- 
electrodes, 0.020” dia. at positions a, a, b. 0.5M 
sodium chloride. 





Current Current 
Density on} Through 
Platinum, | Platinum, 
(Amp/ft?) Amps 


0.00061 


0.00068 


Total 
Currents, 
Amps 


Current 
Density, 
Amp/ft? 


Wes os: 0.24 5.8 | 


20... 0.48 
DO seve t 0.73 0.00077 





~ 0.00123. 


0.00127 





0.001 38 





appears justified owing to the solubility 
of lead chloride and to the fact that 
oxidation of lead sulfate to peroxide oc- 
curs through the solution.!° It is possible, 
however, that during prolonged anodiz- 
ing, film growth of the lead peroxide may 
result from direct oxidation of the metal. 
Considering first lead alone, it is appar- 
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Figure 6—Effect of relative areas of lead to platinum for 30 Amp/ft? in 0.5 M NaCl. 


» e 


POTENTIAL. (vouTs) 





Figure 7—Effect of relative areas of lead to platinum for 30 Amp/ft? in 0.5 M NaCl. 


ent that at low potentials the thermo- 
dynamically favorable reaction is the for- 
mation of plumbous ions (Reaction 1). 
These ions cannot diffuse far into the 
electrolyte, however, owing to the low 
solubility of lead chloride which precipi- 
tates on the surface of the anode resulting 
in passivity (“mechanical”). 

As the initial crystals develop and 
further crystals nucleate, the paths of the 
electrolyte which permeate the crystals 
become more restricted and the rise in 
potential observed (Figure 3) is due 
largely to the increasing ohmic resistance. 
Similar results have been reported pre- 
viously by Briggs and Wynne-Jones. In 
addition, the lead chloride crystals will 
restrict the area of lead exposed to the 
electrolyte so that the current density and 
potential of the lead increases and 
eventually reaches a value where lead 
peroxide is thermodynamically stable 
(reaction 2). Oxidation of lead ions will 
occur, therefore, providing the chloride 
ion concentration in the vicinity of the 
lead surface is very small. 

As the concentration of chloride ions 
increases by diffusion and migration a 
point will be reached where the lead per- 
oxide will be penetrated by the chloride 
ions with the formation of lead chloride 


at the metal surface and detachment of 
lead peroxide. It is considered that this 
process of alternate formation of lead 
peroxide and lead chloride caused by 
alternate replenishment and depletion of 
hydroxyl ions and water dipoles and 
chloride ions is responsible for the fact 
that a stable lead peroxide film cannot be 
maintained in contact with a lead surface. 


This situation is quite different, there- 
fore, from the anodic behavior of lead in 
sulfuric acid. There, after initial for- 
mation of a very thin layer of lead sul- 
fate at a potential which corresponds 
with the reversible Pb/PbSO,/H,.SO, po- 
tential, the potential rises with the con- 
sequent oxidation of plumbous ions to 
lead peroxide.’? Film growth of lead per- 
oxide occurs only to a limited extent as 
the electrode process then becomes oxi- 
dation of water to oxygen at almost 100 
percent efficiency. That lead peroxide 
formed in this way cannot be maintained 
in a chloride solution can be readily dem- 
onstrated. In addition, it can be shown 
that if a platinum microelectrode is in- 
serted in a PbO,/Pb anode, which has 
been formed in sulfuric acid, the lead 
peroxide is first detached by formation 
of lead chloride. This is accompanied by 
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Figure 8—Withdrawal of platinum microelectrodes 
at position “a” (2) after prior polarization in 0.5 
M NaCl at 30 Amp/ft?. 


| 
| 
| 


a 


x 


M 
} 


POTENTIAL, (votTs) 


Pemennstecsensh 


20 30 40 


TIME. (MIN) 


Figure 9—Iintroduction of platinum microelectrodes 
into lead (0.5 M NaCl, 30 Amp/ft*). 


an increase in pctential, and lead per- 
oxide forms only subsequently. 

The potential-time curves obtained 
with the lead-platinum bielectrode are 
characterized by a rise in potential to a 
maximum, which is associated with the 
initial evolution of chlorine from the 
platinum, and then a gradual fall to a 
steady state potential. Although the in- 
crease in potential observed is largely 
ohmic the increase in current density 
resulting from the deposition of lead 
chloride will cause the potential of the 
platinum to increase, since the platinum 
is in contact with the lead. It should, 
however, be emphasized that this situa- 
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tion will arise only if the lead chloride 
forms an adherent coating; at very low 
current densities it is possible to dissolve 
the lead anodically with very little in- 
crease in potential. 

The platinum and the electrolyte per- 
meating the crystals of lead chloride may 
be regarded as conductors in parallel. If 
the current is kept constant, the rate of 
formation of lead chloride will decrease 
as soon as the potential of the platinum 
is sufficiently high to cause chlorine dis- 
charge. These observations explain why 
the smaller the area of the platinum 
micro-electrode the higher the peak po- 
tential, as chlorine discharge will be de- 
termined by the potential of the platinum 
which depends in turn on the current 
density. Less current is required, there- 
fore, for discharge of chlorine from a 
small wire and a larger proportion of the 
current will continue to form lead chlo- 
ride with a consequent increase in poten- 
tial. One role of the microelectrode is, 
therefore, to limit the extent of lead chlo- 
ride formation. The decline in potential 
is clearly due to the formation of lead 
peroxide which is initiated at the micro- 
electrode (Figure 5 

Although a stable lead peroxide film 
cannot be formed on a lead surface in the 
presence of chloride ions, owing to un- 
dermining of the peroxide by formation 
of lead chloride, there is no reason why 
peroxide should not deposit from a chlo- 
ride solution onto platinum. Fleishmann 
and Liler!’ have shown, using lead 
acetate, that lead peroxide can readily 
nucleate and grow on a platinum anode 
and have suggested the following mech- 
anism: 


OH-—e OHads 
Pb+ + OHads + OH 


Pb(OH),** 


Pb(OH = PbO, 


reaction (b) is considered to be 
determining. 

Thus providing the potential of the 
platinum is sufficient, lead peroxide 
should deposit and remain stable on a 
platinum anode, It may be. significant 
that the potential for oxidation of Pb** 
to PbO, and for Cl to Cl, are approxi- 
mately the same, so that nucleation of 
lead peroxide and discharge of chlorine 
may occur almost simultaneously. In con- 
sidering the lead in the immediate vicin- 
ity of platinum it is suggested that two 
factors may be responsible for the stabil- 
ity of the lead peroxide—(a) nucleation 
and growth of lead peroxide on platinum, 
and (b) the oxidation of chloride to 
chlorine which occurs on platinum at a 
low overpotential (Figure 10). 


rate 


If the oxidation of lead ions was the 
sole reaction at the platinum a stable 
film might form on the platinum, but 
it is difficult to see how the lead peroxide 
could extend over the lead surface and 
remain stable. The platinum could, how- 
ever, act as a “chlorine valve” and pro- 
vide a site where oxidation of chloride 
ions is kinetically easier than formation 
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Figure 10—Potential-current density curves: ‘A’ for a platinum electrode, ‘’B’ for a platinum micro- 
electrode in lead and “’C’’ for lead peroxide on a lead-platinum bielectrode. 
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Figure 11—Change in weight of lead, 1 percent Ag/Pb, 6 percent Sb/Pb containing platinum microelectrodes 
(2 X 0.020” dia. at position ‘’a’’) in artificial sea water at 30 Amp/ft?. 


of lead chloride. The latter must occur by 
migration and diffusion of the lead and 
chloride ions through the interstices of 
the lead chloride and lead peroxide crys- 
tals. It is apparent from Figure 3 that 
the latter process requires a far higher 
potential than oxidation of the chloride 
ions on platinum. The combination of 
(a) and (b) will result, therefore, in the 
nucleation of lead peroxide on the plati- 
num at the lead/platinum interfaces. 
Further peroxide can now deposit on the 
initial nuclei and extend into the lead 
chloride owing to the ability of the plati- 
num electrode to prevent the potential 
rising to a value where the chloride ions 
can penetrate the lead peroxide. An 
analogy is the ability of the chloride ions 
to penetrate the anodic oxide on titanium 
which occurs only if the oxide/electro- 


lyte potential is greater than ~ 12-14 V. 
This potential usually cannot be exceeded 
if the surface of the titanium is in contact 
with platinum. 

Wheeler! considers that the sole func- 
tion of the platinum is to make contact 
between the lead and lead peroxide which 
appears to be substantiated by the fact 
that removal of the platinum results in an 
immediate increase in potential (Figure 
8). A further experiment which appears to 
support this view is that if, after forming 
peroxide, the bielectrode is then arranged 
so that the platinum is above and the 
lead below the level of the electrolyte 
the immersed lead peroxide remains 
stable on the lead surface during further 
electrolysis. 

Although the platinum is undoubtedly 
in contact with the lead and lead per- 
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Figure 12—Platinum point in parallel with lead anode. 








oxide it is considered that this is not the 
cause but the consequence of the ability 
ef the platinum to cause nucleation of 
lead peroxide (Figure 5) and to oxidize 
the chloride ion at a low overpotential. 
The initial lead peroxide crystals ap- 
parently form around the platinum and 
lead peroxide then extends over the 
surface of the lead chloride without be- 
ing in contact with the lead substrate. At 
this stage, removal of the platinum will 
clearly result in an increase of potential. 
After more prolonged electrolysis, how- 
ever, all the lead chloride is converted to 
peroxide which is then in direct contact 
with the lead. The electrode can then 
function without the presence of platinum 
for a limited period. 


To summarize, it is considered that the 
role of the platinum microelectrode is 
(a) to limit the initial formation of lead 
chloride, (b) to oxidize plumbous ions to 
lead peroxide which remains stable on 
the platinum surface and then extends 
into the adjacent lead chloride, and (c) 
to act as a “chlorine valve” so that lead 
chloride formation is prevented during 
operation. Further work on the formation 
of lead peroxide from chloride electro- 
lytes on lead and platinum is in progress 
and will form the subject of a future 


paper. 


Cathodic Protection 

Laboratory trials and service tests have 
indicated that platinum-lead bielectrodes 
may have an important application as a 
comparatively inexpensive anode for 
cathodic protection and other electrolytic 
processes. Laboratory testst have shown 
that a 1 percent Ag-Pb alloy, which 
without platinum is limited to a current 
density of 10 to 15 Amp/ft?, containing 
platinum microelectrodes can be used 
satisfactorily at 200 Amp/ft?. In practice, 
platinum lead bielectrodes have now been 
in use for eighteen months at 25 Amp/ft? 
in sea water for protection of marine 
structures, and appear to be functioning 
satisfactorily. Service tests are being car- 
ried out in sea water moving at 6 ft/sec. 
at 25, 50, 100, and 200 Amp/ft?. 

In conclusion it should be observed 
that the sudden failure that has been ex- 
perienced with lead alloys after pro- 
longed electrolysis may be the result of 
growth of lead peroxide and the develop- 
ment of stresses in the film owing to the 
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volume of lead peroxide being greater 
than the lead converted. A characteristic 
of many lead anodes (whether they con- 
tain platinum or not) is the formation 
of surface blisters indicating that the 
peroxide is under high compressional 
stress. It is possible, therefore, that after 
some time the peroxide may tend to pull 
away from the lead and crack so that the 
electrolyte has access to the lead surface. 
Under these circumstances lead chloride 
will continue to form with consequent 
increase in the anode resistance. This 
situation is unlikely to arise if the lead 
is in contact with a platinum micro- 
electrode. 
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DISCUSSION 
Comments by J. T. Crennell, Central 

Dockyard Laboratory, H. M. Dock- 

yard, Portsmouth, England: 

My colleague, Mr. Wheeler, who has 
recently retired, was mainly responsible 
for our work on lead anodes for cathodic 
protection. He proposed the use of an 
alloy containing 1 percent silver which 
has proved successful. 

Regarding the use of a platinum tack, 
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Figure 13—Platinum point touching lead anode. 





as described by Shreir and Weinraub,* 
we made a number of laboratory tests as 
a result of which Mr. Wheeler suggested 
that the function of the “tack” was to 
maintain a low-resistance contact between 
the shell of lead dioxide and the under- 
lying metal. This he referred to in a 
letter to the Editor of “Chemistry and 
Industry,” Jan. 17, 1959, p. 75. 


I will not go into details of the many 
tests we made of this hypothesis, but you 
may be interested in one which seems to 
me very convincing. 

A pure lead anode (without platinum 
tack) which had formed a lead dioxide 
skin but had subsequently ceased to work 
properly, requiring a high driving voltage 
for a small current, was in circuit in a 
sea water bath. In parallel with it, and 
separately metered, was a small platinum 
point projecting from a sealed glass tube 
carrying the connecting wire. (See Figure 
12.) The platinum point was taking a 
current of 20 mA, the lead anode about 
200 mA, with a cell voltage of 3.6 V. 


The platinum point was then brought 
up to contact the lead dioxide surface 
(Figure 13) below the liquid. Immedi- 
ately the current in the platinum-point 
meter jumped to 350 mA, and the total 
current to about 500 mA. (There was 
some drop in cell voltage.) This behavior 
could be repeated at will. 

This can only mean that the (external) 
Pt point was providing a contact to the 
lead dioxide anode of much lower re- 
sistance than that through the underlying 
lead, a function we believe also to be 
performed by a platinum spine inserted 
into the lead. 


Reply by L. L. Shreir: 

Mr. Wheeler has suggested that the sole 
function of the platinum is to make elec- 
trical contact between the lead and the 
lead peroxide which is insulated by a film 
of high resistance, which implies that the 
entire current passes through the plati- 
num from the lead to the shell of lead 
peroxide. This model is attractive for its 
simplicity, and it might appear that the 
views expressed in my article lead to a 
model which is unnecessarily complicated. 
Indeed, the effect of the withdrawal and 
introduction of the platinum micro- 


* Shreir and Weinraub. Chem. & Ind., 1326 (1958). 
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electrode (Figures 8 and 9) and the ex- 
periment described by Mr. Crennell ap- 
pear to indicate that the platinum is, in 
fact, acting as a short circuit. 


The present work and subsequent 
studies have indicated, however, that the 
electrode processes occuring in_ this 
system are highly complex, and it is con- 
sidered unlikely that any one mechanism 
will be capable of explaining the over-all 
phenomenon. It is relevant to consider 
some of the possible stages in the con- 
version of the initial Pb- Pt bielectrode 
to a completely passive Pb/PbO, - Pt 
anode. These can be enumerated as 
follows: 


‘a) Formation of passive film of lead 
chloride 


b) Nucleation of lead peroxide at the 
Pb -Pt interface and simultaneous dis- 
charge of chlorine at platinum 


‘c) Propagation of lead peroxide, from 
the platinum, over the surface of the lead 
chloride formed initially 


(d) Gradual conversion of underlying 
lead chloride to peroxide which forms in 
direct contact with the lead 


(e) Growth of lead peroxide to a limit- 
ing thickness 

(f) Passivity, electron current sole 
process ‘at anode. 

Even this may be an oversimplification, 
and the effect of chlorine in the electro- 
lyte may have some effect. 

Considering stage (a), although it is 
apparent that the platinum will limit the 
extent of the growth of the initial lead 
chloride film (Figures 4, 6 and 7), pre- 
vention of lead chloride formation by the 
platinum is essential during all other 
stages of the process. There is definite 
evidence that stage (d) occurs and that 
the lead and peroxide are in actual elec- 
trical contact. This can be demonstrated 
by fully forming a bielectrode, raising the 
platinum above the electrolyte level and 
then removing the platinum, when the 
anode will function satisfactorily for 
some time, showing that the lead and 
lead peroxide are in contact. However, 
should a discontinuity bz produced, for- 
mation of lead chloride at the Pb/PbO, 
interface occurs rapidly with a conse- 
quent rise in potential. Thus, one role of 
the micro-electrode is to prevent lead 
chloride forming on the lead surface. 
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With regard to stage (b), Figure 5 
shows how the lead peroxide nucleates 
only at the platinum and then extends 
over the surface of previously formed 
lead chloride. In this connection it should 
be observed that lead peroxide cannot be 
undermined from a platinum surface by 
an alternative electrode process as occurs 
on a lead surface. Removal of the plati- 
num at this stage will clearly result in 
the effect shown in Figure 8, and will 
occur even if the anode is fully formed, 
as the removal of the platinum will ex- 
pose the lead to the electrolyte. 

Similarly, the introduction of platinum 
into lead coated with lead chloride will 
cause immediate nucleation of lead per- 
oxide at the platinum, and a consequent 
fall in potential. A similar effect will be 
produced if the platinum is polarized, as 
in Mr. Crennell’s experiment. 

It is considered, therefore, that the 
platinum provides contact between the 
lead and the lead peroxide by preventing 
lead chloride formation at the lead inter- 
face and by acting as a nucleus for deposi- 
tion of lead peroxide which subsequently 
propagates over the surface. 


Any discussion of this article not published above 


will appear in June, 1961 issue. 
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Resistance of Aluminum Alloys 
To Underground Corrosion* 


By D. O. SPROWLS and M. E. CARLISLE, JR. 


Introduction 
; HEN APPRAISING a metal’s gen- 


eral resistance to corrosion, soil is 
an important environment to consider 
because of the large number of metal 
structures buried underground or in con- 
tact with the surface of the ground. Un- 
fortunately, this common medium is one 
of the most difficult to evaluate because 
of the wide variations in chemical and 
physical characteristics of soils and in 
their corrosivity to metals. Also, there has 
been no general agreement as to which 
criteria are the most useful in predicting 
metal performance underground. 

Owing to this wide variation in corro- 
siveness of soils, any metal considered for 
this field will naturally be used with 
caution until experience has shown the 
conditions under which it will require 
protection, In certain environments where 
mild steel requires a protective coating, 
bare aluminum alloys have performed 
impressively. It has been found that alu- 
minum is well suited for several types of 
surface and underground pipe lines in 
the petroleum, mining and farming in- 
dustries, as well as for many structures 
such as lighting standards and fence 
posts. Engineers are naturally interested 
to know about the experience that has 
been recorded with aluminum. The pur- 
pose of this paper is to summarize some 
available field test data and service ex- 
perience for aluminum alloys. Considera- 
tion is given also to stray current corrosion 
and galvanic corrosion in soil environ- 
ments and to the means of avoiding these 
problems. 


Field Tests 
Comparison of Different Soils 


Several important factors in the make- 
up of a soil affect underground corrosion: 
moisture content, degree of aeration, con- 
centration of soluble salts, hydrogen ion 
concentration, and apparent specific 
gravity. Localized variations in certain 
of these factors cause differences in solu- 
tion potential that stimulate electrochem- 
ical corrosion at the anodic areas, Corro- 
sion underground may also be accelerated 
by the presence of stray electrical currents 
or by galvanic currents which result from 
connecting the structure with more ca- 
thodic metals. The complexity of the 
problem prevents the accurate prediction 
of the extent of corrosion to be expected 
of buried metallic structures. It is antici- 
pated, however, that a study of these 
factors in conjunction with each test and 
service experience will lead to broader 
understanding of the problem and to the 


% Submitted for peintes February 25, 1960. A 
aper presented at the 16th Annual Conference, 
ational Association of Corrosion Engineers, 

Dallas, Texas, March 14-18, 1960, This paper 
was also published in Proceedings: Short Course 
on Process Industry Corrosion, Ohio State Uni- 
versity, Sept. 12-16, 1960, NACE, Houston, Texas. 


Abstract 


This paper is a summary of field test data 
and service experience on aluminum under- 
ground, The effect of variations in soil 
composition and the relative performance of 
different alloys are discussed. Cathodic pro- 
tection, protective coatings, stray currents, 
and galvanic effects are considered. Experi- 
ence with several aluminum pipe lines is 
related. 6.4.2, 4.5.3, 3.6.9, 3.6.6, 8.9.3 


formulation of certain rules to govern 
the use of aluminum structures under- 
ground. 

One of the earliest soil tests of alumi- 
num alloys was included in the National 
Bureau of Standards investigation! in 
which panels of 0.062 inch thick sheet of 
three alloys of aluminum, along with 
other metals, were buried in five different 
soils for a period of ten years. Steel sam- 
ples, also 0.062 inch thick, were severely 
corroded at all five locations and com- 
pletely destroyed at three of them. The 
aluminum alloys developed severe local- 
ized attack and perforations at four of 
the five test sites, but in the fifth location 
they were scarcely affected. The fifth 
location was a tidal marsh in which steel 
was completely destroyed and which, 
from a consideration of the low pH, low 
resistivity and high concentration of water 
soluble salts would be considered likely 
to be corrosive. 

The results of five-year exposures? of 
aluminum sheet (0.125 inch) and 1 inch 
diameter tube samples buried in five dif- 
ferent soils are summarized in Table 1. 
At one location where the soil consisted 
of clay with some glacial till, there was 
no corrosion of the aluminum. In three 
locations, there was scattered pitting 
ranging from 30 to 86 mils maximum 
depth. The fifth location was a cinder 
embankment which caused severe general 
attack. It will be noted that in every 
location the total corrosion of the steel 
samples, as expressed in terms of cubic 
inches per square inch per year, was 
much greater than that of aluminum. 

In an investigation conducted a num- 
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ber of years ago by Alcoa Research 
Laboratories, samples of sheet, 0.064 inch 
x 3 inch x 9 inch in size, of several alloys 
of aluminum and mild steel were buried 
in four different soils. The results of ten- 
sile tests performed on these panels after 
nine to twelve months exposure are given 
in Table 2. None of the more corrosion- 
resistant alloys showed any appreciable 
loss in strength in these relatively short 
exposure periods. Although widely dif- 
ferent corrosion rates were observed on 
the less resistant Al-Cu type aluminum 
alloy, 2017-T3, it did not appear that the 
corrosion effects could be correlated with 
the soil compositions and resistivity 
measurements shown in Table 2. 

The results of these several tests indi- 
cate that unprotected aluminum alloys 
may be virtually unaffected under some 
conditions and severely corroded in cer- 
tain other types of soils. Although the 
available information indicates generally 
that soils which are aggressive to steel 
are likely also to be aggressive to alumi- 
num, exceptions which favor aluminum 
have been noted. Attempts to correlate 
the behavior of aluminum with soil anal- 
yses have been unsuccessful. Additional 
experience is needed to learn the charac- 
teristics of the soil at a given location 


TABLE 1—Resistance to Corrosion of Commercially Pure Aluminum Buried Five 
Years in Five Different Types of Soil!: 2. 3. 4 


Soil 


Clay with glacial till (Rothamstead)... 

Moist London clay (Pitsea) 

Ste aren, TONNE CIID on 5 oes oc veces ccsccces 
Moist clay with gypsum (Gotham 

Cinder embankment, well drained (Corby) 





Al Sheet 


Perforated 





Corrosion Rate 
in’ /in?/yr x 10-3 


Maximum 
Pit Depth, Mils 


Al Tube : "Al Sheet Steel Sheet 








1 Test samples of aluminum were exposed in triplicate in the form of 15 inch x 10 x ¥ inch sheet panels 
and 15 inch long x linch diameter x 4¢ inch wall tubes. The mild steel sheet panels were 15 inches x 104 
inches x 54g inches. All samples were buried in 2 ft. deep trenches. 


2 Pit depths were measured using a dial gauge fitted with a fine point. 
3 Corrosion rates were calculated from weight loss data. 


4 Data were obtained from Reference 2. 


* In this environment a special group of twelve additional tubes was exposed: of the total of fifteen 
two were perforated, two were not pitted, and the remainder were pitted to various depths. 
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that are most significant in predicting its 
corrosivity. 


Performance of Various Aluminum Alloys 

Because the resistance of aluminum 
and aluminum alloys to corrosion is de- 
pendent upon an oxide film, the initiation 
of corrosion occurs at weak points in the 
film, and the characteristic type of attack 
of most alloys is pitting. This has been 
observed to be the case in soils as well as 
in other natural environments. It is an- 
ticipated that the decreasing rate of pen- 
etration with time, which has been 
observed in the atmosphere and in fresh 
waters, may also be characteristic of alu- 
minum in soil corrosion. Data which 
indicate that this may be the case are 
discussed later in this section. 

Concern about the possibility of per- 
foration of thin sections as a result of 
pitting corrosion led to the development 
of alclad aluminum alloys. Alclad prod- 
ucts consist of an aluminum alloy core 


covered on one or more surfaces with 
one or more layers of corrosion-resistant 
aluminum or aluminum alloy. The thick- 
ness of the coating on each surface is 
typically 2% to 10 percent of the total 
section thickness. The aluminum alloy 
coating and core combinations usually 
are selected so that in corrosive environ- 
ments the coating is anodic to the core 
and, hence, exerts electrochemical pro- 
tection over exposed areas, such as cut 
edges, scratches, or spots uncovered by 
corrosion or abrasion. Although behavior 
in soils is unpredictable, it has been ob- 
served that the performance of the alclad 
alloys was outstanding in every instance. 
The majority of the non-clad aluminum 
alloys, with the exception of the alumi- 
num-copper (and the aluminum-zinc- 
magnesium-copper alloys), may be placed 
in a gronp with approximately similar 
resistance to soil corrosion. The excep- 
tions noted are the high-strength, heat- 
treated alloys common in aircraft con- 
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struction. The composition and typical 
tensile properties of the alloys to be dis- 
cussed are given in Table 3. 

The superior performance of the alclad 
type of alloy is shown by the data in 
Table 4 obtained in a test in which a 
number of test panels of 0.064 inch thick 
sheet were buried on a greenhouse bench 
in soil that was watered daily. The 
panels were removed and tested after 
periods of five and twenty-two months. 
It will be noted that the relatively shal- 
low corrosion of the Alclad 3003-H14 
panels, which was limited to the thin 
cladding layer, had not resulted in any 
loss in the strength of the sheet. 

Data obtained for a number of alumi- 
num alloys buried four and a half years 
in the yard of the Alcoa Research Labo- 
ratories at New Kensington, Pennsylva- 
nia, and published previously by Mears? 
are given in Table 5. With the exception 
of alloy 2017-T3, the non-clad alloys per- 
formed similarly, although there ap- 


TABLE 2—Resistance to Corrosion of Several Aluminum Alloys Buried at Various Geogruphic Locations’ 





Upper Straits, Michigan 
9 Months 


| Percent Loss 
Alloy 


1100-H14 
3003-H14...... 
5052-H34...... 
6053-T6 
2017-T3 

Alclad 2024-T36. 
Mild Steel 


Soil Analyses 
pH of Air Dried Soil - 
Resistivity: -Ohm-Cm... 


Composition of Water Extract 
(Mg-Eq. per 100 ¢/eoll) 
Ni 2 +Kas Na : 





1 E acl as 0. 064 inch thick sheet aie. 
2 Code for visual examination: 
a — No appreciable attack 
b — Etching or superficial pitting 
c — Local areas of shallow attack 


| 
Portland, Indiana 
Months 
Percent Loss 
Visual? in T.S. 


b,c 
b,c 
b,e 
b,e 
be 


ef 





0.10 
0.01 
0.05 
0.00 
0.23 
0.00 
| 0.10 


' 








— Local incipient exfoliation 
Many small pits 
r — A few relatively deep pits 
- Severe general pitting 


ex i Michigan 


Percent Loss 
Visual in T.S. 


Point Judith, Rhode Island 
12 Months 


Percent Loss 


Months 


Visual Visual 
b,e 
b,e 
b, 





TABLE NNN: and aypteers: Tensile Properti ies of Aluminum Alloys Under Discussion 


| 
| 


Alloy Si 
Wenge 4 Alloys 


| 
1100. ‘ 99.0 % Minimum Aluminum H14 
; < 1.2 a peas 


B003..... 

3003 

Alclad 3003! ee 
RS 
2017 acts es 
Alclad 20242 ... 
Alclad 2024? 


GO53.......- 
ae 
6063..... 

6063 . nes 
Alck ad 6063! 


Cc cast Alloy 8 


1 Alclad coating is alloy 7072 (1 percent zinc). 


Nominal Composition, Percent 








| 


Mn Mg j [ Cr | Temper 


H14 
| ; H18 
| H14 
| 0.2 H34 
| 


T4 

T3 

T36 
T6 
: : 


Te 


2 Alclad coating is alloy 1230 (99.3-min. percent aluminum) 
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Tensile 
-— ——— — 
psi 


Elongation— 
Percent in 2 Inch 


Round 

Sheet Specimen 

Specimen 0.50 Inch 
0.064 Inch Dia. 


Yield 
Strength 
(0.2 Percent 
Offset), psi 


17,000 


7,000 
1 ,000 


aetna oe leeks 
21,000 | 
31,000 | 


40,000 
45,000 
53,000 


37,000 
40,000 
21,000 
31,000 


| boronr 


8,000 
15,000 
31,000 
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alclad 
lata in 
hich a 
1 thick 
bench 

The 
| after 
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y shal- 
13-H14 
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alumi- 
f years 
Labo- 
isylva- 
Mears* 
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e ap- 


ons? 
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peared to be a slight advantage for alloys 
5052-H34 and 6053-T6. The 2017-T3 was 
pitted rather extensively and exhibited a 
resistance similar to that of the mild 
steel. The excellent performance of Al- 
clad 2024-T36 was in sharp contrast. It 
also is noteworthy that, in general, the 
aluminum alloys were attacked more in 
the poorly aerated wet location than in 
the well-drained location, less than 100 
feet away; the steel samples, on the other 
hand, showed the reverse tendency. 

Recently, an eight-year burial test of 
pipe specimens was completed in the 
same vicinity as the test just described. 
Five foot lengths of 1% inch Schedule 
40 pipe and two foot lengths of 6 inch 
Schedule 40 pipe containing butt welded 
joints were buried in trenches three feet 
deep. The trenches were located in well- 
drained, light brown clay on a gentle 
slope adjacent to a small spring-fed 
stream. A list of the various aluminum 
alloys and comparison metals included is 
given in Table 6. Duplicate sets of speci- 
mens were buried and these were re- 
moved for examination at different peri- 
ods and re-exposed for a total of seven 
or eight years. Visual inspection of all 
specimens disclosed more corrosion of 
the seven year specimens; consequently, 
these were sectioned instead of the eight 
year set for microscopic examination. The 
depth of penetration was determined by 
microscopic examination of metallo- 
graphic sections taken through several 
pits of maximum size as judged by visual 
examination. The maximum pit depths 
after two, four and seven or eight years 
are given in Table 6. 

Graphs of maximum pit depth versus 
exposure time are shown in Figure 1. 
The general similarity in behavior of the 
non-clad aluminum alloys is shown. The 
data indicate that the rate of penetration 
under these conditions of discontinuous 
exposure decreased with time beginning 
at about four years. Limited data on 
alloys 6063-T6 and B214 indicate that 
this trend may also hold for continuous 
exposures. However, it might be debated 
which is the more severe—a continuous 
exposure such as a buried pipe line would 
probably experience or discontinuous ex- 
posure such as these test specimens re- 
ceived, 

The contrast between the 6063-T6 and 
the outside Alclad 6063-T6 was marked, 
again illustrating the superiority of the 
alclad type of alloy in providing the best 
resistance to pitting. This is shown also 
by the photomicrographs in Figures 2 
and 3. A photograph of the welded 6 
inch outside Alclad 6063-T6 pipe and a 
cross-section of the weld are shown in 
Figures 4 and 5. The alclad coating on 
the 1% inch outside Alclad 6063-T5 pipe 
also was very effective in protecting the 
core alloy, and the surface showed many 
broad areas of shallow attack of the clad- 
ding similar to that on the 6 inch pipe 
(Figure 4). However, it was found that 
three or four small, comparatively deep 
pits had developed in the 6063-T5 core 
in one of the largest areas where the clad- 
ding had been consumed. The maximum 
penetration observed was 73 mils. The 
alclad coatings on these samples of pipe 
were relatively thin, approximately 4 per- 
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7 T ca. 
NOTE: SOLID SYMBOLS DENOTE 
CONTINUOUS EXPOSURE 
PERIOOS; THE OTHERS _| 
WERE INTERRUPTED 


Gp Seep sp eee 


100!— -6063-T5 


80 
60 


4 
0 AVERAGE OF STEEL 


© AND WROUGHT IRON 





OUTSIDE ALCLAD 6063-T6 = 


MAXIMUM PENETRATION=MILS 





PERIOD OF EXPOSURE— YEARS 


Figure 1—Pit depth-time curves for aluminum alloy pipes buried at New Kensington, Po. 


TABLE 4—Resistance to Corrosion of Aluminum Alloys Buried 22 Months in Soil 
On a Greenhouse Bench!: 2 











Maximum Depth of 
Pits, Mils 


5 Months 22 Months 


Percent Loss in 
Tensile Strength 


22 Months 





Alloy 5 Months 
5052- H34. guwages 1 


Perforated 
; Reta ip eee 3 18 
Alclad 3003-H14. ji 5.1* 








1 Exposed as 0.064 inch thick sheet panels. 


2 The pH of the soil was 8.6 and the composition of a water extract in Mg-Eq./100 gm. of soil was as 
follows: Na + K, as Na, 0.91; Ca, 11.65; Mg, 1.28; COs 0.48; HCOs 1.42; Cl, 0.11 SO« 6.78. 


* Penetration of pitting into the 3003-H14 core alloy was prevented by the electrochemical protection 
afforded by the 5 mil cladding layer. 


TABLE 5—Resistance to Corrosion of Various Aluminum Alloys Buried 41/. Years at 
New Kensington, Pennsylvania’ 


Well Drained Location | 


Visual 
Examina- 


Poorly Drained (Wet) Location 


Percent 
Loss in 
T. 


| Maximum Visual 
Pit Depth, | Examina- 
i 


Percent 
Loss in 
T.S. 


Maximum 
Pit Depth, 
Alloy 


1100-H14 
3003-H14.... 


6053-T6. . ree! ; 15.0 
Alclad 2024-136. .| § 2.8* 
2017-T3. ‘ |. 38 31.0 
Mild Steel. 2 Perforated | 19.0 
60/40 Brass. .... | 5 8.9 | 5.6 


cone loos 


1 Exposed as sheet panels ox 064 inch x 3 inch x 9 inch aw at a depth of two feet. 
2 The pH of the soil was 5.4 and an analysis of a water extract of the soil was as follows; expressed in Mg- 
Eq./100 g. of soil: 
Na + Kas Na, 0.05; Ca, 0.15; Mg, not determined; COs 0.00; HCOs, not determined; Cl, 0.0: SOs, 0.46. 
See also the analyses appended to Table 6. 
3 Code for visual examination: 
a — No appreciable attack 
b — Etching or superficial pitting e 1 , 
c¢ — Local areas of shallow attack { —— 5 few relatively deep pits 
d — Local incipient exfoliation g — Severe general pitting 
* Attack limited to the alclad coating which had given electrochemical protection to the 2024-T36 core. 


e — Many small pits 


strength of the exposed 6061-T6 pipe was 
42,000 psi, with typical and guaranteed 
minimum values for this alloy being 
45,000 psi and 38,000, respectively. The 
ultimate tensile strength of the exposed 
mild steel pipe was similar at 45,000 psi. 


cent of the wall thickness. A thicker alclad 
coating would assure a longer life of the 
cladding before pitting of the core alloy 
would commence. 


Tensile tests were made on a 24-inch 
length of both the 6061-T6 alloy and the 
mild steel pipe after the seven year ex- 
posure. It is interesting to note that the 
rather general pitting of the 6061-T6 
pipe (similar to that shown for the un- 
protected pipe of 6063-T5 in Figure 6) 
had caused only a small loss in ultimate 
tensile strength. The ultimate tensile 


Cathodic Protection 

Cathodic protection of aluminum al- 
loys, unlike steel, must be controlled to 
avoid over-protection with resultant alka- 
line attack of the aluminum. It is beyond 
the scope of this paper to present a de- 
tailed discussion of cathodic protection. 
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Figure 2 


Figure 3 


Cross-sections through 6-inch diameter pipe of 6063-T6 (Figure 2) and outside Alclad 6063-T6 (Figure 3) 
alloys after 7 years burial at New Kesington, Pennsylvania. The depth of the r shown in Figure 2 was 


52 mils; the deepest pit measured on this sample was 68 mils. Penetration o 


pitting into the 6063-T6 


alloy core of the outside Alclad 6063-T6 pipe was prevented by the electrochemical protection afforded by 
sacrificial corrosion of the 6 mil thick cladding layer. Keller’s etch, approximately 2.5X. 


TABLE 6—Depth of Pitting in Pipe Samples Buried Seven or Eight Years at New 


Kensington, 


Alloy 
1%" Schedule 40 Pipe (0.140” Wall) 
3003-F 


3003-F Coated 
6061-T6 
6063-T5 


6063-T5 Coupled to Anode of Al Alloy B605 
Outside Alclad 6063-T5 a 
B214 Alloy Cast Pipe Cap 


Wrought Iron... 


Mild Steel. ... 
Malleable Iron Pipe Cap 
Galvanized Steel... 
Copper. . ae 

85/15 Red Brass.. 


6” Schedule 40 Pipe (0.280” Wall) 
Welded with 4043 Alloy Filler 
6063-T6. . ie 

Outside Alclad 6063-T6. 


Pennsylvania 


Maximum Pit Depth, Mils 
2 Yrs. | 4 Yrs.5 7 Yrs.5 
58 50 
No Corrosion 
73 78 
98 764 
— 22 (8 yr.) 
6! 
70 (6 yr.) 


| 
| 
| 


62 
89 (3 yr.) 
252 33? 


-| 13? | 212 292 


| 2 Yrs. 


39 
5 


1 Although almost all of the attack was confined to the cladding layer, three or four small diameter pits, 
the deepest of which was 73 mils, were found at sites where the cladding had corroded away. 

2 Micrometer measurements of the corroded pipe indicated losses in thickness by general corrosion to 
be not appreciable after 2 years, 5 mils after 4 years and 8 mils after 7 years. 

3 Coating system consisted of two hot coats of a pipe line enamel to a total thickness of 146 inch, one 
wrap of Fiberglass pipe wrap, and one wrap of heavy Kraft paper. 

*# Depth of attack in the 8 yr. (2 yr. + 6 yr.) specimen was 80 mils. 


5 Discontinuous exposure periods: 114 inch pipe 
7yr. = 4+ 3 yr. 


4yr. =2+2yr.;7yr.= 2 +2 +3 yr.—6 inch pipe— 


® Analyses of soil samples: No. 1 at location of 114 inch pipes and No. 2 at location of 6 inch pipes. 


Resistivity 


Location Ohm-Cm 


3,500 
25,000 


However, in the pipe test described above 
there was included a five foot length of 
1% inch pipe of alloy 6063-T5 to which 
an anode of cast aluminum alloy B605 
was connected. The exposure of this pipe 
was not disturbed until completion of the 
eight year period when it was removed 
from the ground. Potential measurements 
using a copper-copper sulfate reference 
electrode were made at various intervals 
during the exposure, and it was noted 
that the polarized potential of the pipe 
ranged from —1.1 V at the beginning to 
0.9 V at the end of the eight years. 
The potential of the unprotected pipe 
fluctuated widely, but generally was of 
the order of —0.6 to —0.8 V. The high 
degree of protection afforded by the B605 
anode (Al-5.5 Zn alloy) is strikingly 
shown by the photograph in Figure 6. 
Additional experience such as is being 
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Na + K (as Na) 


Composition of Water Extract (Mg-Eq./100 g. of Soil) 


Mg | COs |HCOs| cI | SO. 


0.29 0.00 | 0.24 0.38 0.97 
0.00 0.00 0.08 0.01 0.51 


obtained on the Alcoa gas-gathering line 
at Point Comfort, Texas, and in other 
service installations’ is required to de- 
termine optimum practice for cathodic 
protection. For a tentative guide, it is 
suggested that the polarized potential of 
the pipe be maintained between —0.9 
and —1.2 V. 


Protective Coatings 

It has been shown in a number of 
instances that protective coatings may be 
employed to insure an adequate resist- 
ance to corrosion of aluminum in contact 
with soil. An example of the excellent 
protection afforded by a typical pipe 
coating and wrapping system is shown in 
Figure 7. 

Data are assembled in Table 7 to 
show the protection afforded by various 
types of coatings to aluminum alloys ex- 


Figure 4 


Figure 5 


Figures 4 & 5—Photograph and cross-section of joint 
welded with 4043 filler wire in outside Alclad 6063-T6 
pipe 6 inches in diameter after 7 years burial at New 
Kensington, Pennsylvania, and subsequent chemical 
cleaning. The arrow in Figure 4 indicates the loca- 
tion of the cross-section shown in Figure 5. The 
broad, shallow areas of sacrificial corrosion evident 
in the cladding illustrate the typical performance of 
an alclad alloy with —— of the core alloy 
being prevented by the electrochemical protection 
afforded by the more anodic cladding alloy. Mag- 
nification of Figure 4 is approximately 0.3X; mag- 
nification of Figure 5 is Selec 2X (Keller’s 
etch. 


posed four and a half to eleven and a 
half years at New Kensington, Pennsyl- 
vania. These data were obtained at the 
same sites as the information given in 
Table 5. The chemical conversion-type 
coating (Alrok No. 13) and the Alumilite 
204 anodic finish afforded some protec- 
tion to 6053-T6 alloy in the four and a 
half year exposure to marshy soil, but 
the Alumilite 202 (a slightly thinner 
oxide coating than Alumilite 204) anodic 
finish provided only slight protection to 
alloy 3003-H18 buried for eleven and a 
half years. It seems doubtful that either 
the chemical coating or the anodic coat- 
ings would afford significant protection 
when used alone, but they are very effec- 
tive as surface treatments for paint coat- 
ings. Panels of alloys 1100-H18, 3003- 
H18, 6053-T6 and 2017-T3 sheet and 
sand-cast 43 alloy when given an Alrok 
No. 13 treatment followed by a zinc 
chromate primer plus aluminum paint 
system were in excellent condition after 
eleven and a half years in both the well- 
drained and the poorly drained test sites. 
A proprietary phosphoric acid treatment 
also appeared to be a satisfactory surface 
preparation for painting. 

A subsequent ten year exposure com- 
pleted at a test site provided by the 
Sun Oil Company in a swamp with high 
organic content in Hudson Township, 
Ohio, tended to corroborate the above 
results and provided data on additional 
coatings. It was shown that a zinc chro- 
mate primer plus aluminum paint system 
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UNPROTECTED 


'6063-T5 PROTECTED BY ALUMINUM ANODE (8605) 


Figure 6—Ends of 5 ft. lengths of 6063-T5 alloy 
1%4-inch diameter pipe with B214 alioy caps buried 
8 years at New Kensington, Pennsylvania and sub- 
sequently chemically cleaned. Only a few very small 
pits were present on the cathodically protected pipe 
in contrast to the general pitting on the unprotected 
ap of 6063-T5 and the other aluminum alloys. 
he maximum depth of pitting in the protected 
pipe was only 22 mils in comparison to 80 mils for 
the unprotected pipe. 


applied to panels of 6061-T6 sheet pro- 
vided good protection to the metal but 
suffered extensive blistering even with an 
Alrok coating surface preparation. A 
vinyl resin system and heavy bodied bi- 
tuminous coatings applied hot or cold, 
on the other hand, showed no evidence 
of breakdown. A metallized coating of 
99.8 percent aluminum when applied to 
cast panels of aluminum alloys 43 and 
112 provided excellent protection by sac- 
rificial corrosion of the metallized coat- 
ing in the same manner as the cladding 
on a conventional alclad product. There- 
fore, for products that cannot be fabri- 
cated in the alclad form, the application 
of a metallized coating of high purity 
aluminum or a suitable alloy such as 
4043 or 7072 would be expected to pro- 
vide considerable protection against even 
the most aggressive environments. 


OF ALUMINUM ALLOYS TO UNDERGROUND CORROSION 


Figure 7—Shows an area of the coated and wrapped 3003-F alloy 114-inch diameter pipe with the coating 

stripped off to reveal the uncorroded surface of the pipe. After seven years burial at New Kensington the 

only deterioration of the coating noted was ane shallow cracks that extended only as deep as the Fiber- 
glass wrap. 


Service Experience 


Most of the important service experi- 
ence with aluminum alloys in contact 
with soil has been in oil and gas flow 
lines and gathering lines. Much of this 
experience has been uncontrolled, but 
several larger lines have merited rather 
careful collection of data and inspections. 


Flow Lines 

A 3,500 foot long flow line of 4 inch 
Schedule 40 alloy 6063-T6 pipe was laid 
in Matagorda Bay, Texas, in 1950 as 
part of the gas supply system for Alcoa’s 
Point Comfort, Texas, smelter. One-half 
of this line is completely unprotected 
while the remainder is coated and 
wrapped in a conventional manner. 
When part of the unprotected line was 
lifted for inspection after a period of 
eight years, a portion of it was covered 
with a thick, gelatinous coating of mud 
on top of a very uniform and continuous 
layer of marine formations. Removal of 
these materials revealed a pattern of only 
superficial etching of the surface. Except 
for the etching, this portion of the pipe 


appeared to be in the same condition as 
on the day of installation. 

A 4 inch Schedule 40 welded 6063-T6 
alloy crude oil pipe line about 8,000 feet 
long was laid in May, 1948, on the bank 
of the Intracoastal Canal in Southern 
Louisiana. The aluminum line was buried 
unprotected in ground slightly higher 
than the surrounding marsh in an area 
where unprotected steel pipe had de- 
veloped leaks in two years and required 
replacement in five years. No appreciable 
external corrosion had been discovered 
up to July, 1950, (26 months) at which 
time the line was moved to another loca- 
tion. 

An above ground flow line was laid 
unprotected in Louisiana marsh country 
in 1954. In some locations where the 
swamp is very wet, the line has sunk 
completely from view. A 1958 inspection 
(after more than four years of exposure) 
indicated no appreciable external corro- 
sion. 


Gathering Lines 


One of the first permanent aluminum 
pipe lines was a five mile long 6 inch 


Schedule 40 alloy 6063-T6 sour crude 


TABLE 7—Protection Afforded by Various Types of Coatings to Aluminum Alloys Buried 41/2 to 11 1/2 


Years at New Kensington, Pennsylvania 


Surface 
Alloy! Preparatior 


1100-H18 None 
..| Alrok No. 13 
1100-H18 Phosphoric acid 


3003-H18 Lecchsvbess a 


3003-H18 Alrok No. 13 


None 
ZnCrO4 + aluminum paint? 
ZnCrO4 + aluminum paint? 


None 
None Alumilite 202 
ZnCrO4s + aluminum paint? 


Well-Drained Location 


Period of ! Maximum 
Pit Depth, 
s 


Exposure 
Protective Coating Mil 


at et et 


Poorly—Drained 
(Wet) Location 


Maximum 
Visual Pit Depth, 
Examination‘ Mils 


Visual 
Examination* 


b,f 
a,i a, i 
a, k* 


b,d 
b,d 


a3 





6053-T6 None 
Alrok No. 13 

Alumilite 204 

2 Coats aluminum paint? 

2 Coats aluminum paint? 

1 Heavy coat hot bituminous 


(Lt RARE oe aero. 
Meas dso ened se sie 
GO6G-T6...5..%: 
Scie es aasoedusnes Phosphoric acid 
COSI TG. oo. oki. ce Alrok No. 13 
DUBE dake ss soos cee ee 
RE Beis. bie: ocd 4 0:3 ga oo 
43 (Cast) 
43 (Cast) 
43 (Cast) 


None 
Alrok No. 13 
Steel grit blast 


None : 

ZnCrO4 + aluminum paint? 
None i . 
ZnCrO4 + aluminum paint? 
Metallized with 99.8 percent Al 





ee 
— 


rT TS 
SRA | AN | AAA | AR 


pat ted be 
at beet bet 


Perforated 





112 (Cast) Steel grit blast 





Metallized with 99.8 percent Al 


x 











1 All wrought materials were exposed as sheet panels 0.064 inch thick; cast materials as panels 0.25 inch thick. 











2 In the case of panels buried 1114 years, all were buried for the first four years at the well-drained site. Then the panels were divided into two groups, one of 
which was moved to the new, poorly drained location located less than 100 ft. from the other side and close to a small stream. 


3 Phenolic resin varnish vehicle. 

4 Code for visual examination: 
Condition of Metal 
No appreciable attack 
Etching or superficial pitting 
Local areas of shallow attack 
Local incipient exfoliation 
Many small pits 
A few relatively deep pits 

g — Severe pitting 
* At 4% years the rating of this panel was a, i. 


Condition of Paint Coating 
h — Intact, soft and tacky 
i — Good, tiny blisters 
j — Fair, moderate blistering 
k — Poor, many large blisters 





CORROSION- 


Figure 8—Shows the excellent condition of the most 
corroded of nine samples removed from an unpro- 
tected 5 mile 6-inch pipe line of welded 6063-T6 
in service 7 years in Arkansas. Arrows indicate 
small pits, the came of these being just 41 mils. 
The maximum penetration observed on any of the 
samples was 42 mils on sample No. 7. 


oil gathering line near Magnolia, Arkan- 
sas. It was buried completely unpro- 
tected. After almost eight years of service, 
nine samples were cut from the line, 
representing exposure in different types 
of soils, and submitted for laboratory 
examination. Table 8 describes the con- 
dition of each of these samples and the 
soil in which they were buried, and 
Figure 8 is a photograph of sample No. 
9 showing the typical discoloration and 
minor pitting which were encountered. 
It will be noted in Table 8 that the 
maximum depth of attack measured was 
42 mils. This depth is only 15 percent of 
the total wall thickness (0.280 inch); 
even if linear extrapolation is assumed, 
perforation would not be expected before 
a total of 53 years. It was noteworthy 
also that there was no selective attack 
of the 4043 alloy weld beads or of the 
adjacent heat-affected zones in the pipe. 

In 1956 a buried aluminum pipe line 
was installed as part of the gas gathering 
network for Alcoa’s Point Comfort, Texas, 
smelter. This pipe line is 8 inch Schedule 
40 alloy 6063-T6 pipe and is about 20,000 
feet long. No external coating or wrapping 
was applied, but standard magnesium 
anodes were installed on insulated sections 
to evaluate cathodic protection. The type 
of soil ranges from sandy loam to dense 
clay. Figures 9 and 10 are photographs of 
this pipe line after 3% years’ exposure. 
The pipe in Figure 9 was unprotected and 
was immediately adjacent to the cathodi- 
cally protected pipe shown in Figure 10, 
the two being separated by an insulating 
flange. The corrosion of the pipe in 
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TABLE 8—Examination of Samples from Welded 6063-T6 Pipe Line After 71/. Years’ 
Burial in Arkansas 





== 


Sample | 
Number 


Soil Condition 


Sandy, well drained 
Sandy loam 
Sandy salt flat 


Visual Appearance! 


Very good; some discoloration 


Very mild attack 
Very good; virtually unaffected 





Sandy loam 

Sandy, salt water drainage area 

Sandy with high organic content, saturated 
Sandy, well drained 

Sandy loam, saturated 

Sandy, saturated 


1 Exterior surface of pipe. 


Very good; some discoloration 
Very good; virtually unaffected 
Minor pitting 

Minor pitting 

Very good; virtually unaffected 
Few scattered pits 


2 Two or more of the deepest pits present were selected for sectioning and microscopic measurement of 


depth of attack. 


Figure 9 was superficial, and there was 
no corrosion whatsoever on the cathodi- 
cally protected section shown in Figure 
10. A longer exposure will be required 
to determine whether cathodic protection 
will be needed in this location. 


Coal Mine Service 

Recently an inspection was made of a 
mile of 4 inch Schedule 40 alloy 6063-T6 
pipe that had been buried unprotected in 
a West Virginia underground coal mine 
for fifteen years. A section of the pipe 
displaying the most severe external cor- 
rosion was examined microscopically. 
The maximum depth of attack was found 
to be 120 mils or 50 percent of the total 
wall thickness (0.237 inch). However, 
many of the areas of corrosion appeared 
to be inactive. The pipe line should pro- 
vide many more years of service. 


Stray-Current Corrosion 

“Stray-current electrolysis” is a term 
applied to accelerated corrosion of un- 
derground metallic structures caused by 
stray electric currents originating from 
external sources. At the initiation of the 
National Bureau of Standards program 
of soil corrosion investigations in 1910, 
it was thought that the presence of stray 
currents, for example, from the ground- 
ing of electrical equipment or leakage 
from electric railway tracks and power 
lines was the principal cause of corrosion 
of underground structures. Corrosion oc- 
curs at the point where positive electric 
current goes from the metal structure to 
the soil. It was soon learned that serious 
corrosion of metals in contact with soils 
also occurred in the absence of stray 
currents. Nevertheless, stray-current cor- 
rosion is a potential problem whenever a 
metal structure is in contact with soil 
in the vicinity of large electrical equip- 
ment or feeder cables also in contact 
with the soil. 

In the case of an aluminum alloy 
structure, it is possible to have stray 
current corrosion not only at the location 
where the positive electric current goes 
from the metal to the soil but, also, at a 
location where the negative current 
(electrons) is picked up by the soil. Al- 
though stray-current electrolysis is gen- 
erally associated with d-c electricty, cor- 
rosion by a-c stray currents is also 
possible under some conditions.! © 

A few cases of severe external corro- 
sion of aluminum pipe in coal mines have 


occurred as the result of stray direct 
current effects. A typical coal mine is 
very hazardous because of the high cur- 
rents required for operating mining 
equipment and the fact that electric rail- 
way tracks are often used for a return 
circuit. Also, many locations in coal 
mines are continuously wet—this condi- 
tion resulting in areas where the soil has 
very low resistivity. The reported fail- 
ures have been in both buried and sur- 
face lines strung alongside electric rail- 
ways and coupled with some type of a 
quick-acting coupler. Current was evi- 
dently picked up either through a direct 
ground from the rail or return cable or 
from a zone of soil with very low resist- 
ance, and discharged at a location where 
the resistance through the circuit created 
by the pipe line was greater than that 
of the soil. 

The quick-acting pipe couplers were 
not designed to make a good electrical 
connection, and in some cases they com- 
pletely insulated the joint. The fact that 
these couplers created such high resist- 
ance was felt to be the major factor con- 
tributing to the coal mine failures de- 
scribed. If the electrical resistance of the 
pipe line is kept low, the general practice 
of bonding the line to the rails at intervals 
should prevent the current from going 
from the line to the ground and prevent 
the attendant corrosion at those sites. 
The means for increasing the conduc- 
tivity of a quick-coupled joint depends 
upon the design of the coupler. Many 
coupler manufacturers are considering 
means of modifying their designs to re- 
lieve this problem. Pipe lines with 
threaded joints or those joined by weld- 
ing should be good uniform conductors. 


Galvanic Corrosion 


It is commonly known that when a 
couple consisting of two or more dissimi- 
lar metals or alloys is exposed to an elec- 
trolyte the more anodic material will 
corrode and will electrochemically pro- 
tect the cathodic material. A galvanic 
cell is thus set up and the polarity of the 
cell is dependent upon the solution po- 
tentials of the metals in the particular 
electrolyte. It is frequently stated that a 
metal will be protected galvanically by 
any metal above it in the standard elec- 
tromotive series and will protect any 
metal below it, but this notion is an 
oversimplification. Although there is 
some tendency for the potentials of metals 
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Figure 10—Shown in this photograph is a view taken immediately adjacent to 

the section of the pipe line shown in Figure 9. The section shown here was 

cathodically protected by a magnesium anode and was separated from the 

section in Figure 9 by an insulated coupling. No sign of appreciable corrosion 
could be seen on this area. 


Figure 9—Shows an unprotected section of the 8 inch 6063-T6 alloy gas gath- 

ering line at the Alcoa Point Comfort, Texas, Works after 31 years’ exposure 

underground. Only scattered areas ea etching ond shallow pitting 
were observed. 


TABLE 9——Potentials of Pipe Specimens Buried at New Kensington, Pennsylvania 
































direct a S ee = ce eee 
mie 1S 6 Inch Diameter Pipe 14% Inch Diameter Pipe 
1 cur- oo — - ~——, —— —}-——- 
lining Months Alclad Months Galvanized 
il Exposure 6063-T6 6063-T6 Exposure 6061-T6 | Steel Steel 
> rail- Etre sae 
August 25, 1950 —0.579 V. 
return September 27, 1950 0.706 
coal October 23, 1950. . . 0.744 
ondi- January 5, 1951 0.737 
il has May 18, 1951 0.754 
fail August 28, 1951 aa 0.517 
ae March 27, 1952....... 0.761 
1 sur- aa ene Eo 7B 
ail September 10, 1952..... 0.529 
rake October 7, 1954 0.548 
of a October 14, 1958 0.460 
5 eve Maliges. sc e.s esis 0.870-0.621 0.832-0.545 | 0.880-0.414 1.110-0.610 | 0.761-0.460 |—0.074—+0.010 
direct Average ss 87* 3 0.703 | 0.688 0.934 0.634 —0.041 
le or Se = ee == es 
resist- 1 Potentials referred to a copper-copper sulfate electrode. i * Discontinuous periods: 48144 mo = 264% mo + 22 mo. 
hare 2 Values given are the averages of two or more duplicate specimens. 6 mo = 264% mo + 22 mo + 37% mo 
wher¢ 87 mo = 491% mo + 37% mo. 
eated 
| that 
in a particular electrolyte to be arranged the general relationships mentioned coated. Application of the coating to the 
were in accordance with the electromotive above prevail. cathodic structure where this is practi- 
‘trical series, the relationship of many couples The common methods of combating Cable would be beneficial and may be 
com- will reverse when transferred from one galvanic corrosion involve either electri- sufficient. 
2 : , 
t that electrolyte to another. The extent of gal- cal insulation of the dissimilar metals or Conclusions 
resist- vanic corrosion is dependent upon the cathodic protection. In lapped or flanged Service experience with unprotected 
* con- potential difference, ratio of anode-cath- connections, insulation can be accom-, @luminum alloys in contact with soils, 
s_de- ode areas, polarization characteristics, plished with non-conductive gasketing, principally in pipe line applications, has 
of the and resistivity of the electrolyte. bushings, and washers; kits containing generally been favorable except in unu- 
actice Aluminum alloys have a sufficiently such items are available for pipe joints. sual circumstances involving factors such 
ervals anodic potential in most aqueous solu- However, satisfactory electrical insula- 8 stray currents and chemical contami- 
going tions that it is reasonable to assume tion is not always practicable. If the con- nants. The available field test data, how- 
event aluminum would be anodic in moist soil nection is unavoidable, cathodic protec- ever, show that certain soils may cause 
sites. to common metals such as steel, brass, tion may be employed to minimize the- Severe pitting of aluminum alloys. Also 
nduc- and copper. Also, in the majority of galvanic attack. For example, anodes of _ 1 1S very difficult to predict performance 
pends cases aluminum alloys will be cathodic magnesium, or zinc or of aluminum-5 0” the basis of a chemical analysis or a 
Many to galvanized steel so long as the zinc percent zinc alloy could be installed to Fesistivity measurement of the soil. 
lering coating remains intact. Direct contact polarize the cathodic metal structure to Alclad aluminum alloys have demon- 
to re- with galvanized steel may be satisfactory, the potential of the aluminum structure. — strated an outstanding resistance to pene- 


with 
weld- 


ctors. 


but it must be expected that the zinc 
coating on the steel will sacrifice more 
rapidly than normally in the area adja- 
cent to the couple. Thus, when the zinc is 
sufficiently consumed, galvanic corrosion 


In the use of magnesium anodes, the 
system should be designed to avoid 
polarizing the aluminum to an exces- 
sively electronegative potential because 
of the danger of creating an alkaline 
condition at the cathode that can cause 


tration by pitting in comparison to other 
aluminum alloys. Other wrought and 
cast aluminum alloys, with the exception 
of those containing copper as one of the 
major alloying additions, have shown a 
somewhat similar resistance to soil corro- 


en a of the aluminum can proceed. Anode- 
ssimi- cathode area relationships are important corrosion of the aluminum. Present in- sion and were generally superior to mild 
elec- in a galvanic cell; since aluminum is formation indicates that the potential steel. The generally less corrosion resist- 
will normally anodic to other buried metallic should not be more negative than —1.2 ant copper-bearing alloys have exhibted 
pro- structures, it is important that a small V to the copper-copper sulfate reference a resistance to soil corrosion similar to 
vanic area of aluminum not be connected to _ electrode. that of steel. 
of the a large area of cathodic metals. Although paint coatings will provide Conventional coating materials and 
nn po- When the buried pipe specimens were substantial protection to aluminum alloys coating and wrapping procedures used 
icular under exposure at New Kensington, in contact with the soil, such coatings on mild steel are normally quite suitable 
hat a Pennsylvania, periodic potential measure- are not recommended for aluminum for aluminum alloys. It has been demon- 
ly by ments were made. Table 9 lists these alloy parts to be connected to a structure __ strated that cathodic protection of under- 
elec- values at various dates for aluminum of a cathodic metal. Galvanic corrosion ground aluminum structures is feasible 
_ any alloys 6061-T6, 6063-T6 and Alclad damage to the aluminum structure would and may eventually permit bare alumi- 
is an 6063-T6, galvanized steel, mild steel, tend to be localized at holidays in the num alloys to be buried in even the most 
re 1s and copper. This comparison represents coating and pitting would proceed at a_ corrosive coils. It appears that lower 
netals only one soil, but it will be noticed that faster rate than if the structure were not current densities are required to cathodi- 
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cally protect aluminum than steel; in 
fact, excessive currents can cause Ca- 
thodic corrosion and must be avoided. 

The test data and service experience 
now available indicate that aluminum 
alloy products should be considered for 
use underground or in contact with soil. 
In most cases, it should not be necessary 
to protect alclad products. However, pro- 
tection should be considered for non-clad 
products except in temporary installa- 
tions or in locations where previous ex- 
perience with aluminum has demon- 
strated its suitability. 
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Chloride Corrosion and Fouling 
In Catalytic Reformers With Naphtha Pretreaters* 


By E. B. BACKENSTO* and A. N. YURICK* 


Introduction 


HE RAPID growth of catalytic re- 

forming, as a means for upgrading 
motor and aviation gasoline, has been 
accompanied by a number of corrosion 
problems. Initially, the most serious prob- 
lem was one of high-temperature hydro- 
gen sulfide corrosion. The first paper 
dealing with this problem was given in 
1955.* Reports by others followed, includ- 
ing high-temperature catalytic reformer 
corrosion data compiled and correlated 
as a contribution to the work of NACE 
Technical Group Committee T-8.? 


One way found effective for controlling 
this high-temperature corrosion was to 
desulfurize the naphtha charged to the 
catalytic reformer, Pretreating naphthas 
catalytically in a hydrogen atmosphere 
is now a general practice in most cata- 
lytic reformers, for corrosion as well as 
process considerations. 

Today, high-temperature hydrogen 
sulfide corrosion is under control. But 
other problems have been encountered, 
largely in pretreating sections of reform- 
ing units. Corrosion and fouling by chlo- 
rides in low-temperature sections of the 
pretreater is one of the most serious prob- 
lems encountered.’ While control meth- 
ods are being used commercially, very 
little information on this corrosion and 
fouling problem appears in the literature. 
This paper will summarize laboratory 
studies simulating chloride corrosion and 
fouling in naphtha pretreaters. 


Corrodents Formed in Pretreater 

In pretreating the naphtha most of the 
compounds that contain sulfur, oxygen, 
nitrogen, or chlorine are destroyed in the 
hydrogen atmosphere. The by-products 
of this destruction are H,S, H.O, NH,, 
and HCl. Under certain conditions, these 
gases are corrosive or combine to form 
inorganic fouling deposits. The corrosion 
and fouling occurs after the pretreater 
reactor as the naphtha stream is cooled 
in a series of exchangers. The deposition 
generally occurs below 400 F. 

Organic chlorine compounds in the 
naphtha may be blamed for most of the 
troubles. The HCl formed in the pre- 
treater may concentrate at moist low- 
temperature locations and cause severe 
acid attack, or HCl may combine with 
NH, to produce ammonium chloride 
fouling deposits. In such systems contain- 
ing H,S, corrosion is often accelerated 
under these fouling deposits. 
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Abstract 


A study was made of chloride corrosion 
and fouling occurring in low-temperature 
sections of catalytic reformer naphtha pre- 
treaters. These problems were related to 
corrosion by aqueous HCl-H2S-NHz3 solu- 
tions. Laboratory corrosion studies were 
made with these solutions to establish the 
effect of pH and composition in the pres- 
ence or absence of an air aiaenailanee. 
Suppression of corrosion by ammonia neu- 
tralization and amine-type inhibitors also 
was studied. 

Elevated temperature tests were con- 
ducted in a nitrogen atmosphere. Field 
tests were made on six metals in a com- 
mercial pretreater reactor effluent stream. 
The removal of ammonium chloride fouling 
deposits was discussed briefly. 

8.4.3, 4.3.2, 5.7.7, 3.3.2 


Ammonium chloride fouling deposits 
plug exchanger tubes, thus reducing heat 
transfer rate and increasing pressure 
drop. Intermittent on-stream water flush- 
ing is generally practiced to rid the sys- 
tem of these deposits. In some units 
water as a diluent and ammonia as a 
neutralizer have been injected continu- 
ously at a low rate to prevent corrosion 
in low-temperature sections of pretreaters. 
Amine-type inhibitors are also added for 
corrosion control, depending upon the 
corrosion severity of the system. In other 
units a combination of continuous and 
intermittent flushing is practiced. 


Laboratory Tests 

Laboratory tests were conducted to 
obtain a better understanding of what 
happens in commercial units when water 
is injected into heat exchangers contain- 
ing inorganic fouling deposits. The aque- 
ous HCI-H,S-NH, system was selected as 
simulating field conditions. Laboratory 
tests were based on solutions containing 
a total of 500 ppm of these three com- 
ponents. The relationship at room tem- 
perature between pH and composition 
for the aqueous HCI-H,S-NH, system is 
shown in Figure 1. The iso-pH lines at 
a constant pH of 3, 6, and 8 are shown. 
The slopes of these lines indicate that 
H.S has only a slight influence on the 
pH of these solutions. 

Bench scale corrosion tests were con- 
ducted using solutions of this aqueous 
system. The test solutions were placed 
in a glass bottle containing carbon steel 
coupons suspended from glass hooks. The 
test solution was purged with nitrogen in 
an attempt to exclude air. The test as- 
sembly was placed in a horizontal shaker 
and agitated for 24 hours at room tem- 
perature and atmospheric pressure. Cor- 
rosion rates were calculated from the 
weight loss of the coupons. 

Figure 2 summarizes results obtained 
by the bench scale corrosion test. It 
may be seen that the iso-corrosion lines 
roughly parallel the iso-pH lines shown 


105 


in Figure 1, with corrosion increasing as 
the solution becomes more acid. 

Figure 3 illustrates similar corrosion 
test results where the nitrogen purge was 
eliminated and air occupied the space 
above the test solution. By comparison 
with Figure 2, it can be seen that the 
presence of air substantially increased the 
corrosiveness of the solution. Actually, 
solutions exhibiting essentially no corro- 
sion in a nitrogen atmosphere gave 20-30 
mils per year corrosion in the presence 
of air. These data also show, by com- 
parison along the HCI-NH, composition 
line (no H,S present), that addition of 
NH, with the flushing water to raise the 
pH of the system will be less effective 
for reducing corrosion when air is pres- 
ent. The curves at both ends of the iso- 
corrosion lines in Figure 3 are probably 
the result of losing NH, and H,S during 
the test. 

The effectiveness of both oil-soluble 
and water-soluble amine-type inhibitors 
were also tested by this bench scale cor- 
rosion test. In a nitrogen atmosphere, 
most of the inhibitors tested signifi- 
cantly reduced the corrosiveness of the 
HCI-H,S-NH, system solutions. For ex- 
ample, the addition of 50 ppm of inhibi- 
tor in one of the most corrosive solutions 
(500 ppm HCl) reduced corrosion to 
less than 2 mpy. However, in an air at- 
mosphere none of the inhibitors was very 
effective. As a matter of fact, in solutions 
containing no H,S the addition of inhibi- 
tor actually increased corrosion of the 
carbon steel coupons. 


Ammonia Neutralization 

One of the more corrosive solutions 
(400 ppm HCI-50 ppm H,S-50 ppm NH,, 
pH = 2.3) was selected to study the 
effect of neutralization with NH,;. As NH, 
is added to this solution the resulting 
neutralization curve is typical of a titra- 
tion curve of a strong acid with a weak 
base. The first few increments of added 
NH, have very little effect on the pH of 
the solution. At the neutralization point 
the pH changes very rapidly. After this 
point is reached, increments of added 
NH, have very little effect on pH. 

The effect of NH; neutralization on 
corrosion determined by the bench scale 
test is shown in Figure 4. In a nitrogen 
atmosphere, corrosion was reduced more 
than 95 percent whereas in an air atmos- 
phere corrosion was reduced only about 
35 percent. The maximum benefit was 
not attained until sufficient NH, had 
been added to increase the pH above 8. 

In a nitrogen atmosphere, hydrogen 
blisters were evident on the test coupons 
below 8 pH; at the higher pH levels 
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Figure 1—Iso-pH lines for the aqueous HCI-H2S-NHs system (500 ppm total). 
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Figure 3—1Iso-corrosion lines for carbon steel in aqueous HCI-H2S-NHs; system 


(500 ppm total; air atmosphere, room temperature and atmospheric pressure). 
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Figure 2—Iso-corrosion lines for carbon steel in aqueous HCI-H2S-NHs system 


(500 ppm total; nitrogen atmosphere, room temperature and atmospheric 
pressure). 
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Figure 4—Effect of HN; neutralization on corrosion of carbon steel in an 
aqueous solution contairing 400 ppm HCI, 50 ppm H2S, 50 ppm NHs at room 
temperature and atmospheric pressure. 


there was no evidence of pits or blisters. 
In an air atmosphere, hydrogen blisters 
were evident on the test coupons below 
the neutralization point; above the neu- 
tralization point pitting was evident as 
the result of anodic attack. 

These findings emphasize the impor- 
tance of avoiding air being drawn into 
any flushing stream used in pretreater 
heat exchangers, Although oxygen would 
not normally be present at this point of 
a commercial system, air could be drawn 
in, for example through a leaking pack- 
ing gland on the pump used for flushing 
solution. Test data obtained at room tem- 
perature and atmospheric pressure show 
the following harmful effects of oxygen: 

1. Corrosion is increased about three- 
fold. 

2. Neutralization with NH, is only one- 
third as effective. 

3. Inhibitors lose their effectiveness 
and may actually accelerate corrosion. 


Elevated Temperature Tests 

To more nearly simulate commercial 
NH, neutralization conditions, rocker 
bomb tests were conducted at 300 F and 
625 psig in a nitrogen atmosphere for 24 
hours. In these tests, carbon steel coupons 
suspended from glass hooks were im- 
mersed in the test solution contained in 
a glass bomb liner. Again, an aqueous 
solution containing 400 ppm HCl, 50 
ppm H,S, and 50 ppm NH, was selected 
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for this work. The pH measurements re- 
ported for elevated temperature tests 
were made at room temperature. 


In these elevated temperature tests two 
general types of corrosion attack were 
noted. Typical examples of both types of 
corrosion are shown in Figure 5. Most of 
the time, the corrosion product was a 
loose deposit, easily removed by scrub- 
bing with soap and water. Other times 
part of the corrosion product was a tight, 
black film that could not be removed by 
the conventional cleaning procedure. The 
loose deposit was mainly kansite, Fe,S,, 
while the nonremovable film was mainly 
magnetite, Fe,O,. Usually there was some 
loose deposit over the tight, black film. 
Actually, higher corrosion rates were 
found with coupons having a non-remov- 
able magnetite film. There is no apparent 
explanation to account for these different 
types of corrosion. It appears, however, 
that some air may have been present to 
help form the oxide film even though 
care was taken to exclude air in all high 
temperature tests. 


Figure 6 shows the effect of NH, addi- 
tion on corrosion in tests where only 
loose sulfide corrosion products formed. 
It can be seen that corrosion decreases 
with NH, addition, but tends to remain 
constant above 8.2 pH. However, even 
at high pH levels the addition of NH, 
only decreased corrosion about 50 per- 
cent. All coupons exposed to low pH 


Pits and 
Blisters 


No Pits or 


Blisters Blisters 


No Pits or Blisters Blisters 


Blisters 


Figure 5—Types of corrosion attack noted on car- 

bon steel in aqueous HCI-H2S-NHs solutions at 300 F 

and 625 psig under nitrogen. On top three speci- 

mens note tight black, film (approximately full 

size); on bottom specimens note absence of tight, 
black film. 


solutions showed hydrogen blisters. Cou- 
pons showed no pits or blisters when ex- 
posed to solutions of 7.5 pH or higher. 

Figure 7 shows the effect of NH, addi- 
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Figure 6—Effect of NHs addition on corrosion when only a sulfide film formed 
on the test coupons. Carbon steel coupons were in aqueous HCI-H2S-NHs; 
solutions for 24 hours at 300 F and 625 psig under nitrogen. 
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tion on corrosion in tests where a mag- 
netite film remained after the conven- 
tional cleaning procedure. The data show 
that after the first incremental additions 
of NH, corrosion is decreased only 
slightly. As more NH, is added to neu- 
tralize the solution corrosion increases 
and may actually be higher than without 
NH, addition. Above the neutralization 
point, as the pH is raised to about 8.5, 
corrosion decreases rapidly. All the cou- 
pons showed hydrogen blisters after the 
test; most of the coupons tested at low 
pH also were pitted. 

Water flushing to free exchangers of 
ammonium chloride fouling deposits pro- 
duces a corrosive, low pH solution. Tests 
at elevated temperature illustrated that 
corrosion by such a solution is more com- 
plex than would be predicted from room 
temperature results. Actually, corrosion 
cannot be eliminated at elevated tem- 
perature by simple neutralization. There- 
fore, when NH, is added to the water 
flush, laboratory data indicate the follow- 
ing: 

1. The maximum reduction of corro- 
sion by neutralization with NH, is not 
obtained until the pH is increased to at 
least 8.2. 

2. Neutralization with NH, to an inter- 
mediate pH (3-6) may actually result in 
higher corrosion rates than those ob- 
tained without adding NH,,. 


Inhibitor Tests 
Amine-type inhibitors also were tested 
for their effectiveness at elevated tem- 
perature. The same test as described for 
the neutralization studies was used: 300 








RACK NO. 





S-1 | S-2 | as | 4 
465 415 310 205 
460 455 450 425 
190 1 | 190 190 
Corrosion Rate, MPY 
5.0 1.6 46.0 1.9 
0.2 0.1 0.3 <0.1 
0.2 0.2 as | 0.1 
<0.1 <0.1 | <0.1 | 0.1 
0.2 0.1 06 = «| <0.1 
5.1 09 | 3.1 4.9 


F, 625 psig, nitrogen atmosphere, test 
solution 400 ppm HCI-50 ppm H,S-50 
ppm NH,. Inhibitor concentration was 
50-100 ppm. The test results may be 
summarized as follows: 

1. None of the inhibitors tested was 
very effective for reducing corrosion un- 
less the solution was partially neutralized 
with NH,. 

2. Without NH, neutralization, inhibi- 
tors reduced corrosion only by 30-40 
percent. Very few inhibitors prevented 
blistering and pitting of the test coupons. 

3. In a neutralized solution (pH = 8.0), 
most of the inhibitors tested reduced cor- 
rosion to below 15 mpy. However, not all 
of the inhibitors eliminated pitting of the 
test coupons. 

4. Several of the inhibitors were just 
as effective in a partially neutralized so- 
lution (pH = 3.6-5.6) as in a completely 


neutralized solution. 


Field Tests 

In several commercial units, corrosion 
has been severe in pretreater reactor ef- 
fluent exchanger tubes. To evaluate cor- 
rosion severity, test racks were placed in 
commercial units. The test racks were 
constructed of Monel; the coupons were 
isolated from the rack with polytetrafluo- 
roethylene washers as shown in Figure 
8. The test racks were tack welded to 
exchanger heads and were exposed to the 
pretreater reactor effluent stream. Typi- 
cal results are summarized in Table 1. 
Although tube failures occurred as a re- 
sult of corrosion during the test period, 
corrosion measured by the test coupons 
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Figure 7—Effect of NHs addition on corrosion when non-removable oxide film 
formed on the test coupons. Carbon steel coupons were in aqueous HCI-H-S-NH; 
solutions for 24 hours at 300 F and 625 psig under nitrogen. 











Figure 8—Low-temperature corrosion test rack. 


was relatively low, generally 2-5 mpy on 
carbon steel. Of course, the location of 
these racks was such that fouling deposits 
did not accumulate on the test coupons. 
Fouling deposits, however, did accumu- 
late in the exchanger tubes to cause 
increased pressure drop across the ex- 
changer train. 

From test rack field data it was con- 
cluded that the pretreater effluent stream 
is not very corrosive in itself under the 
conditions of temperature prevailing in 
the exchanger train. Therefore, it appears 
the severe corrosion observed on ex- 
changer tubes in commercial units is the 
result of corrosion under deposits. 


After the exchangers are flushed with 
water, FeS is found to be the main com- 
ponent of the exchanger deposit. The 
FeS found in the hotter exchangers, oper- 
ating above 400-500 F, is probably the 
result of high-temperature H,S corrosion. 
In exchangers operated below 400 F, the 
FeS is thought to be formed by the fol- 
lowing reaction: 


H,O 
2NH,Cl — 2HCl + 2NH, 


Fe + 2HCl > FeCl, + H; 
FeCl, -++ (NH,),S > FeS + 2NH,Cl 


The FeCl, is the product of acid-type 
corrosion under moist NH,Cl deposits. 
Ammonium sulfide or hydrosulfide, which 
are relatively unstable, are also expected 
to be present as part of the original water 
soluble deposit. It should be noted that 
when FeS forms, the original amount of 
ammonium chloride is still present as 
part of the deposit. 

Laboratory tests were designed to eval- 
uate corrosion under fouling deposits. A 
3-inch length of 34-inch, 16 gauge, car- 
bon steel tubing was selected as the test 
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specimen. The tube was packed with 
equal weights of NH,Cl and FeS. For 
10 days 1.5 percent H,S in hydrogen was 
passed through the deposit-filled tube at 
350 F and 465 psig. The corrosion meas- 
ured on the inside of the tube was 0.2 
mpy. A similar test was run for four 
days, but this time the deposit contained 
15 percent wt moisture, After this test, 
the average corrosion inside the tube was 
37 mpy; visual inspection showed that 
corrosion on the bottom of the tube was 
considerably greater than the average. 
These tests demonstrated that the severe 
corrosion of exchanger tubes occurs 
under moist fouling deposits. 


Removal of Fouling Deposits 


Ammonium chloride fouling deposits 
in commercial pretreater exchangers have 
been removed successfully by on-stream 
water flushing. The water is separated 
from the product stream in a flash drum 
down-stream of the exchangers. Continu- 
ous water injection may aggravate the 
corrosion problem by keeping the NH,Cl 
deposits moist. Therefore, deposits should 
be removed periodically by water slug- 
ging. The principle of slugging is based 
on getting the required amount of water 
into the system for the shortest practical 
time. The following points are important: 


1. Enough water must be injected to 
saturate the effluent stream at the tem- 


perature and pressure prevailing and to 
dissolve the NH,Cl present. 


2. The frequency of slugging will be 
dictated by the pressure drop or the 
amount of nitrogen and chlorine in the 
charge naphtha. Normally the amount of 
nitrogen in the stock will be controlling; 
however, when the nitrogen content is 
high, the chlorine content will be con- 
trolling. 


3. Corrosion will be accelerated only 
during the short periodic slugging oper- 
ation since severe corrosion of exchanger 
tubes is the result of attack under moist 
NH,Cl deposits. Under normal dry con- 
ditions, the corrosivity of the stream 
should be very low. 


4. If infrequent slugging is required, 
no corrosion control may be needed. If 
slugging is required more than once a 
week, neutralization may be indicated. 
In extreme cases, inhibitor addition also 
may be required. The amount of neutral- 
izer should be controlled to maintain an 
8.0-8.5 pH of the water drawn off at the 
separator. 


5. Efforts must be made to avoid cor- 
rosion under deposits, for water insoluble 
FeS is the resultant corrosion product. 
Water slugging is not effective for re- 
moval of FeS and the FeS will accumu- 
late in the system to add to the plugging 
and pressure drop problem. 
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Summary 


Laboratory tests and field experiences 
have shown that chloride corrosion and 
fouling in catalytic reformers with naph- 
tha pretreaters can be controlled. The 
major considerations may be summarized 
as follows: 


1. The pretreater reactor effluent 
stream should be kept as dry as possible, 
for severe corrosion occurs under moist 
inorganic fouling deposits. 


2. When it is impractical to operate 
with a dry pretreater effluent stream, 
neutralization with inhibition is the most 
effective means for controlling corrosion. 


3. Pressure drop caused by inorganic 
fouling deposits can be relieved by short 
periodic on-stream water slugging. For 
slugging to be effective, the process 
stream must be saturated with water. 


4. Corrosion is accelerated in the pres- 
ence of air; therefore, air should not be 
introduced with injection streams. 
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Introduction 
NUMBER of petroleum and petro- 


chemical industries processes in- 
volve the use of hydrogen under pressure 
and at elevated temperatures. Steel struc- 
tures and components, primarily plain 
carbon steel, subjected to these environ- 
mental conditions for sufficient periods 
of time can be so damaged as to cause 
service failures when a sufficient load is 
present. This damage is mainfested as in- 
ternal decarburization and intergranular 
fissuring accompanied by reduced duc- 
tility and strength properties. This 
phenomenon known as “hydrogen at- 
tack,” has been observed in both irons 
and steels.1»?,3,4 It is differentiated 
from the reversible type of hydrogen em- 
brittlement in that ductility cannot be 
restored by driving out residual hydrogen 
during a low temperature heat treatment. 

While systematic experimentation has 
been carried out on reversible hydrogen 
embrittlement, data accumulated on the 
phenomenon of hydrogen attack have 
been limited primarily to service experi- 
ence.® # 5» 6 Earlier laboratory work also 
has been reviewed by Schuyten.® While 
experimental work on irons')? was not 
associated with that on steels, the be- 
havior recorded was so similar that it 
can be considered in the same category. 
The embrittlement of the irons was 
thought to be due to the fissuring of 
grain boundaries by pressure build-ups of 
molecular hydrogen! or water vapor as 
a result of reaction of hydrogen and 
oxides at the boundaries.2 With steels, 
hydrogen attack has generally. been 
thought® to be due to the following se- 
quence of events. Hydrogen, either in 
atomic or protonic form, permeates and 
diffuses into steel. Hydrogen reacts with 
iron carbides at the grain boundaries to 
form methane; this constitutes internal 
decarburization. Methane pressure builds 
up to high values and since it is unable 
to diffuse out of the steel, localized grain 
boundary fissuring occurs giving rise to 
deterioration of the material. 

Since there were few quantitative data 
on hydrogen attack available, as well as 
no experimentally proven model of this 
phenomenon, this investigation was 
undertaken to achieve these goals, with 
the knowledge that a basic comprehen- 
sive understanding should lead to means 
of tolerating and retarding or preventing 
this type of embrittlement. 


Experimental Procedure 


A commercial steel and a series of 
vacuum remelted iron-carbon alloys were 
studied in this investigation. The chemi- 
cal analysis of the killed steel and the 
iron alloys (F series) are given in 
Table 1. The initial iron used in the F 
series alloys was a vacuum melted iron, 
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99.900 percent purity in which oxygen 
was the largest impurity (by a factor 
of 10 greater than any other impurity). 
With the additional alloying components, 
the iron was remelted in a molecular still 
vacuum furnace? to give this series of 
alloys having low oxygen content. 
Miniature round tensile specimens, 0.5 
inch gauge length and 0.09 inch dia- 
meter, were carefully machined. The 
gauge lengths were polished down through 
2/0 paper so that the last scratches were 
parallel to the axis of the specimen. The 
diameters along the entire gauge length 
were accurately measured to within + 
0.0001 inch with an optical comparator 
and a mean value of specimen diameter 
was obtained. While the F series speci- 
mens, machined from hot swaged rods, 
were heat treated (in a slightly positive 
pressure of hydrogen to prevent oxida- 
tion) to give a fairly uniform ferritic 
grain size of between ASTM Nos. 5 and 
6, the killed steel specimens had a uni- 


TABLE 1—Chemical Analysis of Steel and Iron Alloys 









Abstract 


The kinetics of hydrogen attack of a killed 
steel have been studied in the temperature 
range 800 to 1200 F and in the pressure 
range 450 to 950 psi hydrogen. A quan- 
titative relationship between incubation of 
attack and temperature and pressure has 
been obtained. Based on these results and 
those from a series of iron alloys, a model 
is presented in which (1) incubation is con- 
trolled by the reduction of grain boundar 

iron oxides forming water vapor whic 

acts to inhibit the accumulation of methane 
in the boundaries by reacting with it; (2) 
grain boundary methane pressure forming 
a network of fissures and/or stress con- 
centrators acts as the embrittling agent; 
(3) when the carbides are stabilized by 
spheroidization or alloying, resistance to 
attack is increased since carbide dissolution 
controls both incubation and_embrittle- 
ment. 5.2.2 62.1 


form ferritic grain size of ASTM No. 
7.5 and needed no further heat treat- 
ment. Specimens of this steel having a 
ferritic grain size of ASTM No. 5 ob- 
tained by heat treating at 2000 F (in a 
slightly positive pressure of hydrogen) 
were also studied. 

Groups of 3 or 4 specimens of the 
steel, and 2 specimens of the iron alloys, 
were exposed at the desired temperature 
and hydrogen pressure for desired 
lengths of time. The specimens were 
placed in steel holders so that their total 
surface areas were exposed, and these in 
turn inserted in a stainless steel tube in 
which exposure was carried out. Resist- 
ance furnaces controlled to give exposure 
temperatures to within + 10 F were 
used. Chromel - alumel thermocouples 
peened into the outside wall of the tube 
were used to measure the temperature 
which was found to be identical to that 
of a thermocouple placed within the tube 
next to the specimens. A static exposure 
environment of untreated tank hydrogen 
whose pressure was measured to within 
+ 10 psi was employed. Subsequent tc 
the exposure, the specimens were baked 
in a nitrogen atmosphere at 400 F for 
one hour to remove any residual hydro- 
gen. 

Tensile tests were carried out at room 
temperature in an Instron testing ma- 
chine at a crosshead speed of 0.5 inch/ 
min. The final diameters of the broken 
specimens were measured and reduction 
of area values were calculated. For each 
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Figure 1—Hydrogen attack of steel as a function of exposure time at 700 psi 


hydrogen pressure. 
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Figure 3-——Strength properties of steel as a function of exposure time at 700 
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Figure 2—Microstructures of steel specimens exposed for various times at 1000 F and 700 psi hydrogen 
pressure. to — 30 hours. Nital etched, approximately 50X. 


group of specimens a mean value was 
obtained, Since hydrogen attack is pri- 
marily manifested as reduced ductility 
properties, hydrogen attack is defined 
here as the percent loss in reduction of 
area. Materials can be compared regard- 
less of their original ductility by utiliz- 
ing this definition. 


Experimental Results 

Steel 

Effect of Exposure Temperature Fig- 
ure 1 presents plots of percent hydrogen 
attack versus exposure time at 800, 900, 
1000, and 1100 F and at a constant hy- 
drogen exposure pressure of 700 psi. The 
curves all had the same shape and are 
displaced along the exposure time axis 
as exposure temperature, Ty, decreases. 
The time before which no permanent 
embrittlement occurs, as indicated by the 
criterion selected, is called the incuba- 
tion time, t,. It is clearly seen that up to 
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1000 F, the effect of T, on the kinetics 
of hydrogen attack is primarily mani- 
fested as a pronounced effect on t,. Once 
attack is initiated, it rapidly proceeds 
to an advanced state of deterioration. 
Increasing exposure temperature causes 
a decrease in incubation time. While no 
definite systematic effects of Ty, were 
observed on the attack rates (the curves 
themselves), there are insufficient data to 
establish this as a conclusion. In any 
event, if T, does have some effect on 
these rates, it is small over the tempera- 
ture range studied and minor relative 
to its effect on t,. 

In all cases of attack, fractures were 
brittle, entirely intergranular in nature, 
as compared to the familiar cup and 
cone type fractures in unattacked ma- 
terial. In addition, hydrogen attack was 
accompanied by internal decarburization 
and the formation of both fine fissures 
and voids at the grain boundaries. Figure 


psi hydrogen. 


2 shows a series of photomicrographs of 
specimens exposed for various times at 
1000 F in 700 psi hydrogen pressure 
(t, = 30 hours) which demonstrate these 
effects as the material becomes progres- 
sively more embrittled. 

In addition to the deterioration of 
ductility, strength properties were also 
affected and as seen in Figure 3, both 
tensile and yield strengths decrease con- 
comitantly with ductility. The percent- 
age decrease of both strength properties 
was approximately 33 percent and since 
internal decarburization occurred, the 
major portion if not all of this decrease 
was probably due directly to the loss of 
carbon from the steel. 

From the data observed at 1100 and 
1200 F (Figure 4), it became evident 
that t, goes through a minimum between 
1000 and 1100 F. This suggests that 
above this minimum another process is 
coming into play and is acting in an op- 
posite direction to the rate controlling 
process operating below this temperature. 
A plot of In t, vs. 1/T, (K°) is shown 
in Figure 4 for an exposure pressure of 
700 psi. Although a “C” type curve re- 
sults, up to 1000 F a straight line re- 
lationship holds which can be written as 
an Arrhenius type of equation as fol- 
lows: 

t, = AeYRT, = 
3.78 X 10-%e 14,600/RT,, 
(1) 
P,, = 700 psi) 

where T, is exposure temperature in de- 
grees Kelvin, R the gas constant, A the 
reciprocal of the frequency factor, and Q 
the apparent activation energy in cal/ 
mol. 


Effect of Exposure Pressure. The ef- 
fect of hydrogen exposure pressure, Pz, 
on the kinetics of hydrogen attack was 
investigated at 900 F and at pressures 
of 450 and 950 psi, in addition to the 
observations already recorded at 700 psi. 
Figure 5 gives these results as a plot of 
percent hydrogen attack vs. exposure 
time. The curves are essentially the same 
as were observed previously (Figure 1). 
Similar to exposure temperature, the ef- 
fect of Py; is primarily manifested as a 
pronounced effect on t,. Increasing ex- 
posure pressure decreases incubation 
time. The attack rates appear little af- 
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Figure 4—Incubation time as a function of the 


temperature. 


fected by exposure pressure. Analysis of 
these data results in the following re- 
lationship: 


t, =B P,;2 = 
2.28 x 101° P,-3 


— 
Nn 


Ta = 900 F) 


where Py, is exposure pressure in psi, and 
B and n are constants. 

While the relationship between t, and 
P, was observed at only one temperature, 
it was desirable to know whether or not 
it held at other exposure temperatures. 
From Equations (1) and (2) assuming 
that Q (14,600 cal/mol) is independent 
of Py gives the relationship: 


t, = C Py®e@/RT,, = 1.39 


a 106 Pe 14,600/RT 
(3) 


Tx = 1000 F) 


where C is a constant. From the above 
equation, a value of 13.2 hours is pre- 
dicted for t, at 1000 F and 950 psi 
hydrogen pressure. Experimentation 
carried out at these exposure conditions 
gave a t, value of 14.5 hours, in excellent 
agreement with the predicted value, 
especially when the standard deviation of 
Equation (3), 9.3 percent, is considered. 
The additional data at 950 psi in Figure 
4 demonstrate that within experimental 
accuracy, Q is independent of hydrogen 
exposure pressure thereby substantiating 
the assumption which was used in for- 
mulating Equation (3). 


Additivity of Exposure Time. In many 
instances while studying the effects of 
T, and P,, it was demonstrated that ex- 
posure time, tg, is accumulative regard- 
less of the number and duration of unex- 
posed time intervals; ty does not revert 
back to zero upon interruption of the 
exposure. Also, exposure time at various 
sets of exposure conditions should be ac- 
cumulative in a proportional manner to 
give a total equivalent time of exposure 
at any one set of conditions. These obser- 
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Figure 5—Hydrogen attack of steel as a function of exposure time at 900 F 
for various hydrogen exposure pressures. 


reciprocal of absolute 


vations point out the irreversible nature 
of this phenomenon. 


Effect of Spheroidization. The micro- 
structures of specimens exposed at 1200 
F and 700 psi hydrogen pressure indi- 
cated that some spheroidization had oc- 
curred and it was thought that this might 
be the competitive and opposing process 
causing an increase in t, at tempera- 
tures above those where the minimum 
appeared (Figure 4). As a result, a series 
of specimens were run in which the speci- 
mens were pretreated at 1310 F for 
various times (in a slightly positive pres- 
sure of hydrogen to prevent oxidation) 
in order to give various degrees of 
spheroidization. These pretreated speci- 
mens were then exposed at 900 F and 
700 psi hydrogen pressure. The results of 
these specimens are shown in Figure 6, 
a plot of t, vs. pretreatment time at 1310 
F, which is in effect a measure of the 
degree of spheroidization (Figure 7). As 
is seen from the plot, a straight line rela- 
tionship exists between t, and degree of 
spheroidization in which t, is increased 
almost five fold over that value observed 
with material having a lamellar pearlitic 
structure. 


Effects of Ferrite Grain Size, Speci- 
men Size and Surface Condition. Al- 
though these variables were not studied 
fully, the results are important when 
considering any model for this phe- 
nomenon. At the exposure conditions of 
1000 F and 700 psi hydrogen pressure, 
t, was found to be 50 hours for material 
having a ferritic grain size of ASTM 
No. 5 (measured average apparent grain 
diameter of 0.00257 inch) as compared 
to 30 hours for material having a fer- 
ritic grain size of ASTM No. 7.5 (meas- 
ured average apparent grain diameter 
of 0.00115 inch). Similar to the fine 
grained material, the microstructure of 
the larger grained material showed 
lamellar pearlite of about the same fine- 
ness and thus, this increase in t, can be 
directly related to the increase in grain 
diameter. 

Although the cross-sectional area in 
the gauge length of the tensile specimens 
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Figure 6—Incubation time as a function of pretreat 
time at 1310 F prior to exposure at 900 F and 700 
psi hydrogen pressure. 


was varied four-fold, no effect of speci- 
men size on hydrogen attack was ob- 
served. Similarly, specimens whose sur- 
faces were oxidized prior to exposure 
behaved in an identical manner to those 
having clean polished surfaces. 


Recovery from Hydrogen Attack. Al- 
though hydrogen attack has been con- 
sidered irreversible in that removal of 
residual hydrogen does not result in 
restoration of ductility, experiments 
carried out at elevated temperatures 
demonstrated that recovery from attack 
is possible. Specimens which were ex- 
posed for 70 hours at 1000 F and 700 psi 
hydrogen pressure to give 81.5 percent 
hydrogen attack (an advanced state) 
were subsequently heated at tempera- 
tures between 1250 and 1650 F in a 
slightly positive pressure of hydrogen to 
prevent oxidation. 

Figure 8 shows these results as a plot 
of percent recovery versus recovery 
temperature. Within experimental ac- 
curacy, no further change occurred with 
recovery treatments longer than one- 
half hour; the points of the curve repre- 
sent mean values of recovery. As is seen 
from the curve, a restoration of ductility 
as great as 90 percent was obtained at a 
recovery temperature of 1650 F and per- 
haps even a larger amount could be 
restored at higher temperatures. Al- 
though recovery of ductility was re- 
corded, restoration of strength properties 
was not observed. However, while a 
yield point was not observed with ma- 
terial attacked more than about 20 per- 
cent, recovery treatments, even those 
which resulted in only slight restoration 
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between alloys F-3 and F-4 was that oxy- 

gen, excluding that minor amount in 
solid solution, was primarily present as Altk 
Al,O, in F-3 while it was in the form of plac 
iron oxides in the other. Sufficient carbon Suni 
(0.25 percent) was present in both of in % 
these alloys to give an advanced state of bine 
attack upon proper exposure. Specimens boul 
of both alloys prior to exposure were to 
given identical heat treatments resulting the 
in a fine lamellar pearlitic structure. bein 
Results obtained from specimens of the 
= yon F-3 alloy gave an incubation time of 68 the 


Figure 7—Microstructures of steel showing the effect of pretreatment time at 1310 F on the spheroidization hours "= compared to a value of 143 becc 
of cementite. Nital etched, approximately 500X. hours with specimens of F-4. Since the tion 


heat treatments prior to exposure were Becz 
identical, this large difference in t, values uct, 
cannot be explained by differences in in g 
type and distribution of iron carbides. ; 
Similarly, although specimens of F-3 had F-2 
a slightly smaller grain diameter than amo 
those of F-4, this difference in incubation duce 
times cannot be reconciled on this basis. gas, 


: . Therefore, it appears that this difference 
a S nt), which had bee J , : e, men 
specimen (81.5 percent) which had been — Iron and Iron Alloys in behavior to hydrogen attack must be is I 


iven no recovery treatment. Figure 10 Pi inant , se ate 3 ; 

‘eee See ee F-1, Exposures up to and including related to the difference in the type of stag 

shows the structure of an identical speci- 509 hours at 1000 F and 700 psi hvd ‘ ; a stag 
tick tuad non lve each urs a an psi hydro- oxides present in the alloys and this will 

HRMS ee ee 50 F AL gen pressure caused no effect on _ be discussed shortly. 

treatment of er hour at. 1690 are ductility and strength properties. In ad- ian 

though the recovered material still shows dition, no difference in microstructure Siiamaiitias naa 


grain boundary fissures and voids, these — petween exposed and unexposed speci- h 
are fewer in number and essentially jens was noted. Evidently, the carbon From Figure 4, it has been shown that 


isolated from one another as compared content (0.004 percent) was insufficient below the minimum (between 1000 F e 
to the greater number of fissures which {4 produce any hydrogen attack. and 1100 F) in the Int, vs. 1/T, curve, most 
form an interconnecting network in the 7 : one rate controlling process is in opera- unre 
unrecovered specimen. Also, there ap- F-2. While exposure times up to and tion while above this temperature a fact 
pears to be a greater amount of carbides including 90 hours at 1000 F at 700 psi competing process acting in the opposite bour 
in the recovered specimen. hydrogen pressure produced no effect, direction becomes evident. Attention will cont 

It was conclusively demonstrated that those of 150, 160, and 315 hours did _ first be focused on the sequence of events case 
recovery is in no way related to the — result in hydrogen attack. However, the occurring below this minimum from The 
establishment of a new set of grain amount of attack was very small, 4 per- which a proposed model of hydrogen at- sary 
boundaries, since restoration of ductility cent, and was the same regardless of the _ tack will evolve. The competitive process gen 
was observed when heat treatments at length of exposure time. It is to be ex- acting above 1100 F can then be ex- metl 
temperatures below the critical were used pected that with longer exposure times amined. distr 
(1250 F). Further proof was obtained — essentially no further amount of attack The data accumulated as to the effects netw 
when the attacked specimen shown in would occur. Obviously, the amount of of T, and Px, clearly demonstrate that cone 
Figure 9 which had been tested in ten- carbon (0.032 percent) and distribution the rate controlling process is associated pear 
sion was utilized. Both a portion of the of carbides present was such so as only with the incubation or start of hydrogen cont 
gauge length which had been plastically to give 4 percent attack; an advanced attack. However, this process itself may is a 
strained and a part of the shoulder which state of deterioration could not result. not be the embrittling agent involved in phas 
had only undergone elastic strain were The microstructure of these attacked this phenomenon. bism 
given a recovery treatment of one hour specimens (Figure 12) shows almost acts 
at 1650 F. complete decarburization with isolated  fmbrittlement Stage chine 


The results are seen in Figure 11. The grain boundary fissures and large voids. pie : sii 
: These aeuaiee are essentially the same he repeated observation that hydro- "a 
gen attack is accompanied by internal ba 
decarburization and the data on alloys britt 
& F-1 and F-2 in which insufficient amount obse’ 
The large number of grain boundary F-3 and F-4. Alloys F-3 and F-4 were of carbon was present to produce a state tend 
fissures and voids still persist and form identical except that 0.10 percent Al was _ of advance deterioration, suggest that the 
a continuing network. However, the por- added to the F-3 melt as a deoxidizer. embrittling agent is methane gas in grain * The 
tion of the specimen from the shoulder Considering the amount of total oxygen boundaries which acts to weaken the = 
shows a structure similar to that of the _ present in the irons, the Al added should cohesive strength. As methane accumu- estit 
recovered specimen in Figure 10, where- have been sufficient to tie up the oxygen _ lates in the boundaries, since it essentially ait 
by this network has essentially disap- as Al,O,. Therefore, the only difference cannot diffuse out of the material’, rupt 
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of ductility, caused the yield point to peared leaving isolated fissures and voids. 
reappear. Therefore, it can be concluded that a 

Even though ductility had been re- new set of grain boundaries in themselves 
stored almost to its initial value, micro- do not cause this recovery and that once 
structures of such material still contain attacked material is plastically deformed, 
grain boundary fissures and voids. Figure it appears that it cannot be recovered. 
9 shows photomicrographs of an attacked 


expe 
steel 


gauge length portion of the specimen after ; . I 
recovery is identical to that of the unre- 48 those observed with material having 


covered condition as seen in Figure 9. undergone large amounts of recovery. 
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pressures can build up to sufficiently large 
values to actually rupture the bounda- 
ries* and create fissures or voids. Also, 
its pressures can be such as to act only 
as stress concentrators which upon sub- 
sequent application of external loads will 
cause premature failures, embrittlement. 
Thus, boundaries containing methane 
acting as stress concentrators will be- 
come ruptured and appear as fine fis- 
sures in metallographic specimens due 
to the applied loads in their preparation. 

The methane gas results from internal 
decarburization in the boundaries in 


which 
2H, +C=CH,. (4) 


Although this reaction probably takes 
place in steps, the overall process is as 
written above. Hydrogen which diffuses 
in the atomic or protonic form, recom- 
bines into molecular form in grain 
boundaries where there is sufficient room 
to accommodate it. Carbon diffuses to 
the grain boundaries, the driving force 
being a concentration gradient between 
the carbon reservoirs of cementite and 


the boundaries themselves which have 
become depleted due to the decarburiza- 
tion of carbon initially in their vicinity. 
Because of the size of the reaction prod- 
uct, this reaction essentially takes place 
in grain boundaries. 

The data observed with alloys F-1 and 
F-2 clearly indicate that a minimum 
amount of carbon, which in turn pro- 
duces a minimum amount of methane 
gas, is needed to produce any embrittle- 
ment. Furthermore, a still larger amount 
is necessary to produce an advanced 
stage of attack. In addition, recovery 
experiments have shown that while the 
steel was almost completely internally 
decarburized and that grain boundary 
voids and fissures existed (Figure 10), 
the material still had excellent ductility. 

The essential difference between al- 
most fully recovered (Figure 10) and 
unrecovered (Figure 9) material is the 
fact that in the latter case, the grain 
boundary voids and fissures formed a 
continuous network while in the former 
case they were comparatively isolated. 
Therefore, this suggests that the neces- 
sary and sufficient condition for hydro- 
gen attack is a minimum amount of 
methane gas in the grain boundaries so 
distributed as to provide a continuous 
network of voids, fissures, and/or stress 
concentrators. Such a distribution ap- 
pears synonymous with having a carbon 
content above a minimum amount. This 
is analogous to cases where a brittle 
phase (i.e., sulfur in nickel, lead in gold, 
bismuth in copper) at grain boundaries 
acts as the embrittling agent, the con- 
tinuous nature of such a phase being an 
essential condition.® 

On the basis of this model of the em- 
brittlement stage in hydrogen attack, 
observations of this study can be ex- 
tended. Regardless of the rate controlling 


* Thermodynamic calculations show that methane 
fugacities in the grain boundaries will be in the 
range 10° to 10% atmospheres. A conservative 
estimate of equivalent pressures is a range from 
10° to 10° atmospheres. Pressures such as these 
would be sufficiently large to weaken and/or 
rupture boundaries. 
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Figure 9—Microstructures of steel attacked 81.5 percent. 
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Figure 10—Microstructures of steel attacked 81.5 percent followed by 90 percent recovery at 1650 F. 


process of this stage, it seems apparent 
that temperature should affect attack 
rates. However, as was mentioned earlier, 
there are insufficient data to definitely 
establish any such effects and in the small 
temperature range studied, one would 
not expect large effects to be observed. 
Hydrogen pressure will only influence 
attack rates if the rate determining step 
is one in which hydrogen is involved in 
a chemical reaction, such as internal 
decarburization. Since no significant ef- 
fect of pressure on attack rates was ob- 
served, it appears conclusive that either 
carbon diffusion or carbide dissolution is 
rate controlling in this embrittlement 
stage of attack. 

The shape of the attack versus ex- 
posure time curves in which there is an 
initial steep rate followed by a transient 
and finally a steady state rate can be 
qualitatively explained by this model. 
Once embrittlement can take place, the 
depletion of carbon in the vicinity of the 
boundaries would set up steep concen- 
tration gradients resulting in large 
amounts of carbon, away from the 
boundaries, diffusing to them in short 
periods of time. Events such as these 
would lead to an initial steep rate of at- 
tack over a short time interval. With 
further time, depletion of carbon reser- 


voirs would cause carbon to diffuse over 
much longer distances and hence, a de- 
creasing rate of embrittlement. Finally, 
with almost complete decarburization, 
the rate would tevel out into a low steady 
state condition. 

In carrying out recovery treatments on 
attacked material, the temperatures were 
such that methane gas breaks down into 
hydrogen and carbon; this dissociation or 
cracking is dependent on methane/hydro- 
gen concentration and temperature.?° 
It is thought that in those grain bound- 
aries which did not rupture, methane 
dissociates resulting in a structure in 
which this network of stress concentra- 
tors is broken up and thereby restores 
ductility. Towards the limit of full re- 
covery, the dissociation of methane will 
be such as to give only isolated grain 
boundary voids and fissures as was seen 
in Figure 10. Most of these are probably 
the boundaries that actually have been 
ruptured by methane during attack. 
Since yield point is dependent on carbon 
in solid solution, the reappearance of the 
yield point in recovered specimens adds 
further evidence as to the breakdown of 
methane during recovery. The fact that 
the yield point was observed with speci- 
mens recovered at 1250 F for short 
periods of time while it does not occur 
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Figure 11—Microstructures of a tensile specimen attacked 81.5 percent, tested to fracture and subsequently 
given a recovery treatment at 1650 F. Nital etched, 100X. 


in specimens attacked during exposures 
at 1200 F for 120 hours or more pre- 
cludes the possibility that its reappear- 
ance was due to carbon redistribution 
during recovery treatments. Also, it is to 
be expected that attacked material plasti- 
cally deformed will net recover (Figure 
lla) since the stress concentrators 
(methane in the boundaries) that were 
present prior to deformation have re- 
sulted in a network of grain boundary 
ruptures during straining. Subsequent 
dissociation of this methane will not re- 
store ductility. 


Incubation 


Having proposed a model for the em- 
brittlement stage in hydrogen attack, the 
rate controlling process governing the 
initiation or incubation of attack remains 
to be examined. The experimentally ob- 
served relationship of t,aP,* would be 
in direct conflict to simple diffusion of 
carbon or hydrogen, the decarburization 
reaction or carbide dissolution acting in 
a rate determining capacity. Thus, all 
these processes can be ruled out as that 
controlling incubation. Furthermore, this 
unusual power to which Px is related to 
incubation time suggests that the rate 
determining process is one of a chemical 
reaction involving hydrogen. 

From the results obtained with alloys 
F’-3 and F-4, it is apparent that oxides in 
the iron play an important role in this 
rate process. It is well known that AI,O, 
in iron and _ steel will be randomly 
distributed throughout the material, 
while iron oxides predominantly will be 
found segregated at grain boundaries. 
Therefore, grain boundary iron oxide 
concentration will be much greater in 
F-4 alloy than in F-3. 

Further evidence as to the influence 
of grain boundary iron oxides on incu- 
bation time was obtained in a series of 
experiments in which approximate incu- 
bation times were determined for a killed 
and semi-killed steel utilizing bend tests. 
Hydrogen attack was considered to have 
occurred when the samples did not with- 
stand a bend of 180 degrees. Since 
structure including ferritic grain size of 
the two steels was the same, the princi- 
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pal difference between these steels was 
the fact that iron oxide concentration at 
grain boundaries should be much greater 
in the semi-killed than in the killed steel. 
At 1000 F and 700 psi hydrogen pressure, 
incubation time for the killed steel was 
found to be about 30 hours, in good 
correlation with the tensile experiments, 
while for the semi-killed steel t, was > 
165 hours. Thus, from these results on 
both iron alloys and steels, it can be 
concluded that incubation time for 
hydrogen attack is directly dependent on 
the concentration of iron oxides present 
at the grain boundaries. 

With this background, the proposed 
model for the rate process governing in- 
cubation of attack is the reduction of 
grain boundary iron oxides by hydrogen 
to form water vapor, which acts as an 
inhibiting or poisoning agent to the ac- 
cumulation of methane (Equation (4) ) 
in the boundaries. This model is de- 
scribed as follows: 


(1) Fe,O, + 3H, = 3H,O + 2Fe (5a) 


and/or 
Fe,O, + 4H, = 4H,O + 3Fe (5b) 
2) HO+ CH, =CO-+ 3H, (6) 


Since it has been shown that CO diffuses 
through iron,’:1!:1? probably at an en- 
hanced rate along grain boundaries, it 
will not accumulate and act as an em- 
brittling agent. In addition, water vapor 
formed in the boundaries, Equation (5a) 
and (5b), also will not act as an embrit- 
tling agent since it immediately reacts 
with the methane. Hence, once all the 
grain boundary iron oxides are reduced 
and the resulting water vapor consumed 
by reacting with methane, the latter be- 
comes stable in the boundaries and the 
onset of the embrittlement stage of at- 
tack occurs. 

The reaction rate, Vp, of Equation (6) 
which is the rate determining step for 
incubation, is given by: 


Vr &@ Puoo Pong: ( 


~I 
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a, ye 12—Microstructure of a specimen of alloy 
F-2 attacked 4 percent after exposure of 160 hours 
at 1000 F and 700 psi hydrogen pressure. Nital 
etched, 100X. 


From Equation (5a) or (5b) it is 
found that 


Paco — K Puo (8) 


and assuming that equilibrium exists in 
Equation (4) 


Pou, = K’Pu,?. (9) 


Substituting (8) and (9) into Equation 
(7) gives: 


Va @ Pyp. (10) 


Thus, the reaction rate of this proposed 
controlling process is proportional to the 
third power of hydrogen pressure. Since 
t, is inversely proportional to Vz, and 
assuming equilibrium between external 
and internal hydrogen pressure, it is seen 
that Equation (10) is equivalent to the 
experimentally observed result of t, P,-°. 
On the basis of this suggested model 
controlling incubation of attack, the ob- 
served effects of grain size, surface prep- 
aration, specimen size and additivity can 
be reconciled. Increasing the grain diam- 
eter of the material will in turn increase 
the concentration of grain boundary iron 
oxide concentration, since boundary area 
has decreased while total iron oxide con- 
tent remains constant. Therefore, a 
longer time—increased incubation time 
is needed in order for all the iron oxides 
to be reduced and the resulting water 
vapor removed by reacting with the me- 
thane. It follows then, that additivity of 
exposure time is a natural consequence 
of a process in which reactants, grain 
boundary iron oxide and water vapor, are 
consumed (incubation) and of a process 
in which a reaction product, methane, 
is being accumulated (embrittlement). 
Non-exposure intervals will have no effect 
on consumption or accumulation, except 
in the case of the latter when these in- 
tervals occur at high enough tempera- 
tures as to break down accumulated me- 
thane. Similarly, surface preparation and 
specimen size will have no influence on 
incubation time, since in no manner are 
these variables involved in this rate con- 
trolling process governing incubation. 


Attack Above 1000 to 1100 F 


Returning to the temperature range 
above 1000 to 1100 F, discussion can now 
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be made of the competitive process com- 
ing into play causing an increase in t, 
with increasing Ty. As was mentioned 
previously, the results of the experiments 
on prespheroidized specimens indicate 
that this competitive process is the 
spheroidization of cementite. 

As is well known, cementite in spheroi- 
dal form is more stable than in a plate- 
like shape due to the decrease in inter- 
facial energy and surface area. It has 
been shown!’ that volume growth rates 
of precipitates are governed by their 
shape and that flat discs will have the 
fastest rate, spheres the slowest and long 
cylindrical rods an intermediate rate. The 
rates for discs, rods and spheres are 
directly proportional to time to the 5/2, 
2 and 3/2 power, respectively. Assuming 
that in the solid state, diffusion is rate 
controlling for both growth and dissolu- 
tion, it would be expected that dissolu- 
tion rates would be governed by the shape 
of the particle and have a similar de- 
pendency as shown in growth. Thus, 
spheroidal cementite is expected to have 
a slower dissolution rate than plate-like 
cementite in lamellar pearlite. Since in 
practice the degree of spherical symmetry 
is dependent upon the degree of sphe- 
roidization, the dissolution rate will be 
dependent on the latter until perfect 
spherical symmetry is achieved. Further- 
more, as the degree of spheroidization 
increases, coalescence takes place reduc- 
ing total surface area which in turn de- 
creases the total amount of carbon going 
into solution. 

In order to initiate attack, it has been 
proposed that the iron oxides at the grain 
boundaries must be reduced with the 
resulting water vapor being removed by 
reacting with methane before the latter 
can act as an embrittling agent. The rate 
of methane formed in the boundaries is 
controlled by either carbon diffusion or 
carbide dissolution in material having 
normal pearlitic structure. If this rate of 
methane formation is decreased, it should 
be reflected in an increase in incubation 
time for attack. Just such a situation 
seems to have occurred in the experi- 
ments in which t, was increased with 
increasing degree of spheroidization, all 
other factors being held constant. Thus, 
it appears that with a spheroidized struc- 
ture, dissolution rate of the spheroidal 
cementite definitely is controlling the rate 
of methane formation. 

As the degree of spheroidation is in- 
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creased, incubation time increases since 
longer times are necessary in order to 
produce the methane needed to react and 
remove the vapor resulting from reduc- 
tion of grain boundary iron oxides. Al- 
though it might appear that water vapor 
in the boundaries may act as an em- 
brittling agent, thermodynamic calcula- 
tions show that at these temperatures, 
pressures would only be in-a range from 
10 to 10* atmospheres. Such pressures 
should not act to weaken or rupture the 
boundaries. Thus, carbide dissolution be- 
comes the rate controlling process for 
both incubation and embrittlement. 
Therefore, if at temperatures above 
1000 to 1100 F spheroidization is oc- 
curring before all the iron oxides are 
reduced and water vapor removed, the 
methane production and in turn incuba- 
tion of attack will be retarded. The de- 
gree of spheroidization that has occurred 
must be such as to change the rate de- 
termining step governing incubation to 
that of spheroidal cementite dissolution. 
Alloy and iron-alloy carbides tend to 
be nodular or spheroidal in shape even 
within pearlite colonies, as well as being 
more stable relative to cementite. Thus, 
carbide dissolution should be the rate 
determining process for both incubation 
and embrittlement in these alloy steels 
and it follows that such alloy steels 
should be much more resistant to hydro- 
gen attack than plain carbon pearlitic 
steels. In addition, the possibility exists 
that the presence of these alloying ele- 
ments in or near the boundaries has an 
inhibiting effect on methane formation 
thereby further increasing resistance to 
attack. Just such observations have been 
recorded for it has been well estab- 
lished*: 12,14 that additions of carbide 
stabilizing and carbide forming alloy ele- 
ments afford steel good protection from 
hydrogen attack, while noncarbide form- 
ers (nickel, silicon and copper) have 
been found to be completely ineffective.® 


Summary 

The kinetics of hydrogen attack of a 
killed steel have been studied in the tem- 
perature range 800 to 1200 F and in the 
pressure range of 450 to 950 psi hydro- 
gen. The effects of time, exposure tem- 
perature, hydrogen pressure, structure, 
grain size, surface and size have been 
investigated from which a quantitative 
relationship between incubation time of 
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attack and temperature and pressure was 
obtained. It was also demonstrated that 
recovery of attack material can be 
achieved. 

From the results observed with the 
steel and from those obtained from a 
series of high purity iron alloys, a model 
for hydrogen attack has been proposed 
which satisfactorily describes the observa- 
tions of this investigation. In this model, 
the rate process controlling incubation of 
attack is the reduction of grain boundary 
iron oxides resulting in water vapor 
which acts as a poisoning agent to the 
accumulation of methane in the bounda- 
ries. After the water vapor is removed 
by reacting with methane, the latter acts 
as an embrittling agent when its pressures 
result in a continuous grain boundary 
network of fissures, voids, and/or stress 
concentrators. Stabilizing the carbides 
(spheroidizing, alloying, etc.) increases 
the resistance to hydrogen attack as car- 
bide dissolution becomes the rate deter- 
mining process for both incubation and 
embrittlement. 
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Introduction 


HIS PAPER concerns the problem 
encountered in the drying of a cal- 

cium carbonate paste containing a small 
amount of chloride ion, described in 
terms of the deterioration of a wrought 
aluminum bronze drum used as a fin 
drum drier. The term “massive” is used 
in the title to point out that the de- 
aluminization of this aluminum bronze 
drum occurred over the entire periphery 
of the drum which was 3 feet in diameter 
and 7% feet long, with approximately 
250 fins machined into the face of the 
drum. The metallurgical structure of the 
aluminum bronze was alpha _ phase 
throughout except for the longitudinal 
weld which had a two phase structure. 

Schussler and Napolitan? attributed the 
failure of aluminum bronze to selective 
corrosion of the aluminum-rich phase in 
an aluminum-silicon bronze having a du- 
plex structure. Their studies with single 
and two-phase aluminum bronze in aque- 
ous hydrofluoric acid showed that the 
alpha bronzes suffered no harmful attack, 
while the duplex bronzes, regardless of 
their heat-treated structure, suffered se- 
lective de-aluminization attack. 

Williams? reported that de-aluminiza- 
tion was caused by the corrosion of the 
alloy and redeposition of the copper zn 
situ, pointing out that the process is 
analogous to dezincification in brasses. 
He indicated that de-aluminization had 
been observed to some extent in wrought 
alloys with 6.5 to 11 percent aluminum 
and with 9 to 11 percent aluminum, 
whereas an alloy with 6 to 8 percent 
aluminum plus 3.5 percent iron was re- 
ported as not subject to de-aluminization. 
He further reported that de-aluminiza- 
tion is sometimes found where crevice 
corrosion attack had occurred. This work 
was specific to sea water corrosion. 

The structure of aluminum bronze, 
especially the form and distribution of 
the beta constituent, most probably has 
an important influence on the extent of 
de-aluminization.? According to McKay 
and Worthington (as cited in reference 
3), duplex aluminum bronze alloys are 
considered inferior to the homogenous 
alloys for corrosion-resisting purposes. 

Hallowes and Voce* reported de- 
aluminization of 10 percent aluminum 
bronze from steam containing small 
amounts of SO, at 400 C after 70 hours 
in a laboratory test. Steam at the same 
temperature containing small amounts of 
free chloride also produced de-alumini- 
zation. 


% Submitted for publication August 2, 1960. A 
paper presented at a meeting of the North 
Central Region, National Association of Cor- 
rosion Engineers, Milwaukee, Wisconsin, Octo- 
ber 19-20, 1960, 
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Massive De-Aluminization of Aluminum Bronze 
By Chloride Crevice Attack* 


By L. W. GLEEKMAN and R. K. SWANDBY 


One of the more standard methods of 
producing calcium carbonate (a material 
widely used as a filler and pigment for 
paint, rubber, and many other commodi- 
ties) is to mix sodium carbonate (soda 
ash) and calcium chloride solutions, pre- 
cipitating calcium carbonate. This prod- 
uct, after purification, is separated from 
a slurry and is then dried in one or more 
stages. The experiences of the authors’ 
company indicates the desirability of using 
a rotary fin drum upon which paste from 
a filter falls removing the excess free 
moisture, and finally drying the calcium 
carbonate in a tunnel dryer to negligible 
moisture content. 

For many years a rotary fin drum 
drier made out of centrifugally cast sili- 
con bronze was used. The drum was 
heated from the interior by 125 psig 
saturated steam to a temperature of 
350 F. Because of the combination of 
corrosion and deterioration problems 
from the moderately high temperature 
and the calcium carbonate paste, several 
silicon bronze drums cracked in service. 
Also, the relatively !ow coefficient of 
thermal conductivity of silicon bronze 
and the difficulty of procuring sound 
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Abstract 


The failure of a wrought aluminum bronze 
drum (6 to 8 percent aluminum and 1.5 
to 3.5 percent iron) drying a calcium car- 
bonate paste was established as due to de- 
aluminization. The selective attack occurred 
not only along the 7’-6” longitudinal weld 
where two phases were present but also 
along the entire periphery of the 250 fins 
machined into the outer face of the drum. 
These fins were all single-phase material. 
The drum had been in service only a year 
when many fins broke off. The calcium 


carbonate paste was essentially neutral 
(pH_ 8.0), containing only 0.2 percent 
NaCl and Na2SO;s as minor impurities. 


Saturated steam was used inside the drum 
at 350 F. Associated with the failure was 
a hardened deposit of CaCO; and CaSO; 
acting as a crevice around the fins and in 
the grooves. 

Laboratory tests, using a sandwich as- 
sembly of the same aluminum bronze with 
the various combinations of CaCO; and 
liquids as the filling and with heat trans- 
mitted through one surface of the metal 
established that de-aluminization occurred 
only with chloride present in the crevice. 
No attack occurred with the chemically 
pure CaCO; and distilled water or CaSO« 
and water. The ultimate solution was to 
switch to 90-10 cupro-nickel wrought plate 
welded with 70-30 cupro-nickel; this has 
given satisfactory service for two years, 
with no signs of attack. 6.3.6, 3 


castings indicated an alternate material 
of construction was desirable. 

An economic survey of potential ma- 
terials of construction established that 
a cylinder could be fabricated from a 
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Figure 1—Schematic sketch of fin drum assembly. 
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Figure 2—Overall view of attacked drum in partially remachined condition. 
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Figure 3—-Close-up of fins and welds showing heavily de-aluminized section of 
weld. Fins were partially cleaned out by machining. 


wrought plate with a longitudinal weld 
less expensively than it could be made 
as a centrifugal casting. On this basis, a 
survey of physical and thermal proper- 
ties of potential materials of construction 
was made, which is shown in Table 1. 

Aluminum Bronze D was selected over 
the original silicon bronze for the con- 
struction of the fin drum because of the 
following properties: 


1. High maximum allowable stress at 
500 F. 

2. High thermal conductivity com- 
pared to other alloys. 

3. Excellent weldability and machine- 
ability. 

4, Excellent economics. 

A schematic sketch of the fin drum 
assembly is shown in Figure 1. The actual 
production conditions are essentially the 
following: 

1. Calcium carbonate paste from the 
filter wheel, containing 50 percent excess 
moisture with 0.2 percent NaCl and 
CaSO, (wet basis), falls on the fin drum 
at top center. 

2. The drum rotates approximately 45 
degrees where the cake is pressed into 
the hot fin drum surface. Saturated 
steam at 125 psig and 350 F is intro- 
duced continuously to the interior of the 
rotating drum. After rotating an addi- 
tional 90 degrees, the cake is repressed 
into the fins for maximum contact with 
the heated surface. A further 180 degree 
rotation to within approximately 45 de- 


grees of the top brings the relatively dry 
cake to the fingers. These fingers ride 
in the grooves between the fins and re- 
move the slivers of relatively dry cal- 
cium carbonate. The temperature of this 
material is approximately 212 F. Since 
this is a continuous operation with an 
unsteady rate of feed of the paste to any 
one part of the drum, parts of the fin 
drum can be overheated from no paste 
falling on it, while other parts can be 
cooler by being continually in contact 
with the wet paste. 

It was recognized that there was a 
possibility of chloride carry-over from 
the reaction tank, where the calcium 
chloride solution is mixed with the soda 
ash. For that reason, none of the stain- 
less steels were chosen; in addition, they 
had poor thermal conductivity and rela- 
tively high cost. The alkalinity of the 
partially dried paste (pH 8.0) on the 
drum restricted the use of aluminum 
alloys, while the poor strength of copper 
at the operating temperature eliminated 
its use in spite of its excellent coefficient 
of thermal conductance. Small amounts 
of free ammonia could be present in the 
calcium carbonate solution carried over 
with the CaCl, solution: this was not 
felt to be critical insofar as stress corro- 
sion cracking of a copper-base drum was 
concerned since the temperature of the 
drum would cause the ammonia to be 
driven off from the paste. 

Subsequent reappraisal of possible ma- 
terials has led to consideration of a steel 


TABLE im Va Comnnennemt of io eg Metals for Fin Drum* 


ASME 


Minimum Physicals 


Maximum Allowable Stress, psi 





Metal** Code 
\luminum Bronze D SB-169 
Silicon Bronze eee ea SB- 96 f ea 
Coppei ; SB- 11 q ‘ 2,500 
40-10 Cupro-Nickel. 4 : 8,700 
80-20 Cupro-Nickel 10, 300 
70- 30 Cupro-Nickel SB-171 
Monel (hot rolled) SB-127 
nconel (hot rolled) SB-168 
A% Ni-Steel SA-203 
ype 316L Stainless........ SA-167 

















, ASME Boiler al Pressure Veuel c obs, 192 56, except for costs. 
** Annealed unless indicated. 
*** Btu/ft?/hr/°F/inch. 


* Date from Table NF-2 
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Figure 5—View of fins 180 degrees opposite weld, showing de-aluminization of 


edges of fins. 


drum where surface treatments after fab- 
rication may provide suitable protection 
from rusting and pitting. 


Analysis of Failure 

A drum of aluminum bronze, meeting 
ASTM specification B-169 Alloy “D”, 
was constructed by a major metal fabri- 
cating concern. Its analysis, along with 
the analysis of Type A-100 bronze wire 
which was used for the longitudinal weld, 
is shown in Table 2 

The fabricator reported the following 
steps and observations: After rolling to 
the desired shape and automatically weld- 
ing the longitudinal seam, the drum was 
stress relieved at 1175 F for 1% hours 
and was then air-cooled. Following the 
stress relieving, the machining operation 
was carried out, the first step being a 
true-up operation. The grooves were then 
machined with a gang tool using auto- 
matic feed and no coolant. The finish 
cut on each groove was made by manual 
feed, using lard oil as the coolant to 
obtain an F-3 finish. A review of the 
X-ray films showed that the welding was 
better than that required by the ASME 
code; there was no evidence of cracking, 
undercutting, or slag inclusions. 
The drum was operated at approxi- 
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Figure 6—Standard aluminum-copper phase diagram (from Metals Handbook. 
American Society for Metals, 1948 Edition, p. 1160). 


mately 90 percent 
daily efficiency 
(shut down ap- 
proximately 3 to 5 
days per month as 
normal outage). 
After approxi- 
mately one year, 
operation of the 
drum draneilt that carbonate was peeling 
off in lumps rather than in slivers. It was 
subsequently established that the grooves 
were filled with a hardened calcium car- 
bonate scale and that the fingers were 
not removing the dried product. A check 
of the operational history of the drum 
established that it had been acid washed 
three times in its history, using approxi- 
mately 15 percent muriatic acid each 
time. 

The condition of the drum as removed 
at this time, is shown in Figures 2, 3, 

and 5. Figure 2 is the over-all view 
of the drum in partial stages of rema- 
chining, and Figure 3 is a close-up of 
the partially machined fins and grooves 
at the weld. In Figure 4 is shown the 
heavy amount of de-aluminization and 
redeposition of the copper at the weld. 
To establish that the de-aluminization 
was occurring over-all, other than adja- 
cent to the longitudinal weld, Figure 5 
is a view 180 degrees opposite to the 
weld, showing the partially machined 
groove 39 inches from the end. 

Examination of the drum, as can be 
seen from the above figures, showed 
excessive corrosion occurring at the longi- 
tudinal weld area and also along the 
surfaces of the fins. In the course of 


TABLE 2——Analyses of Base Metal and 
Welding Wire 


Base Metal wik. A-100 
for Fin Drum! ing Wire! 


9.4—10.2% 
0.6—1.2 
baa 0.2 maximum 
Silicon. ; ; 0.04 maximum 
Lead. 0.02% 
Other Elements. , ec 05% 
Copper. Balance Balance 


Element 


Aluminum... 


i Cc ertified Asin ses by suppliers for Code Stame, 


TABLE 3—Analyses of Corroded and 
Unattacked Fins 


} Analysis of 


Corroded Fin 
Including 
De-Aluminized 
Element Area Film Removed 


Aluminum. 4.56% 7.32% 
BOERS <6 3-4-5400 2.94 3.80 
Copper... . 75.21 88.88 


Analysis of 
Unattacked Fin 
With Oxide 


remachining the drum, a corroded fin 
was removed and compared with un- 
corroded material which had only the 
oxide film removed. Table 3 shows the 
difference in analyses. The calcium car- 
bonate scale machined out from between 
the fins was analyzed; this showed 36.1 
percent sulfates, 5.9 percent chlorides, 3.0 
percent copper, and 0.82 percent R,O.. 
A grab sample of the paste falling on 
the drum showed an analysis of 0.15 
percent sulfate and 0.05 percent chloride 
on a wet basis (50 percent excess water). 

Reference to the standard phase dia- 
gram (Figure 6) for aluminum-copper 
indicates that the base material of the 


Figure 
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Figure 7—Photomicrograph (100X, reduced to 72X for reproduction) of weld Figure 8—Photomicrograph (100X, reduced to 72X for reproduction) of base 
area. Etchant: 100 percent ammonium persulfate. metal. Etchant: 10 percent ammonium persulfate. 


Figure 9—Transverse view of de-aluminized weld. Figure 10—Longitudinal view of de-aluminized weld. 
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Figure 11—Schematic diagram of sandwich —_, for determination of de-aluminization of aluminum 
ronze. 


fin drum would be in the all alpha region 
while the A-100 welding rod would be in 
the region of alpha plus gamma,; this 
admittedly does not take into account 
the presence of iron as a third compo- 
nent. The presence of a second phase is 
shown in the attached photomicrographs, 
Figure 7 being a photomicrograph of the 
weld area and Figure 8 being a photo- 
micrograph of the base material. 

To more clearly delineate the nature 
of the de-aluminization, photographs Fig- 
ures 9 and 10 are attached, which show 
the fin drum after it had been machined 
to ¥-inch minimum wall thickness and 
subsequently returned to service. This re- 
turn to service extended the life of the 
drum approximately 4 months, at the 
end of which time de-aluminization once 
more occurred, requiring the drum to be 
completely removed and scrapped. Dur- 
ing this 4 month period there was no 
acid washing. The presence of the second 
phase in the micro-structure of the weld 
area might serve as a suitable explana- 
tion for the susceptibility to de-alumini- 
zation. As can be seen from the over-all 
views, however, the entire periphery of 
the fins showed de-aluminization and no 
second phase was present in those areas. 


Experimental Procedure 

To establish the possible mechanism 
of failure, a simulated aluminum bronze 
drier was set up in the laboratory. This 
consisted of two plates of aluminum 
bronze “D” with a crevice between these 
plates where calcium carbonate or other 
materials could be placed as a sandwich 
filler. Figure 11 is a schematic diagram 
of this assembly. Heat flowed to the ma- 
terial from a resistance heater below the 
lower plate while a glass tube, cemented 
in place, was used to feed the test solu- 
tion to the chemical between the plates. 
Four corrodent systems were used: one 
being chemical purity calcium carbonate 
plus distilled water, the second being 
a five percent calcium chloride solution 
with a pH of 9.1, the third being the 
calcium carbonate from the plant with 
the filtrate from the filter wheel, and the 


147t 





120 CORROSION—NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


fourth being chemical purity calcium sul- 
fate plus distilled water. 

All four sandwiches were held at a 
temperature 450 F for three days. At the 
end of the three-day period, the sand- 
wiches were disassembled and the plates 
examined visually for de-aluminization. 
In the case of chemically pure calcium 
carbonate and distilled water as well as 
the calcium sulfate and distilled water, 
there was no attack evident: the alumi- 
num bronze still had its initial yellow 
color. The calcium chloride solution 
caused severe de-aluminization as shown 
by the attached photograph Figure 12. 
The plant calcium carbonate using fil- 
trate from the filter wheel caused light 
de-aluminizataion. 


Discussion 

While this sandwich test assembly is 
not completely inclusive of all the pos- 
sible materials or combination of mate- 
rials which could cause attack, it is felt 
that the test does indicate the de- 
aluminization more readily occurs in the 
presence of chloride in a crevice at the 
elevated temperature. The work of Hal- 
lowes and Voce,‘ as cited earlier, closely 
simulated the conditions of the fin drum 
in terms of steam with small amounts of 
chloride producing de-aluminization. 

Based on the test results, it is believed 
that the steam formed during the drying 
of the calcium carbonate hydrolyzed the 
calcium chloride according to the follow- 
ing reversible reaction: 


CaCl, + HOH = Ca(OH), -+ 2HCl 


The calcium sulfate scale on the metal 
surface served as a permeable membrane, 
allowing the hydrogen chloride to pene- 
trate to the surface of the metal. Since 
calcium hydroxide is a precipitate and 


relatively insoluble, it could not penetrate 
the calcium sulfate scale. The hydrolysis 
then became irreversible with the hydro- 
gen chloride free to attack the aluminum 
bronze. Because calcium sulfate is con- 
siderably more insoluble than calcium 
chloride, the possibility of sulfuric acid 
formation was quite negligible. Hydro- 
gen chloride, therefore, undoubtedly 
caused the uniform dissolution of both 
the single and the two phase aluminum 
bronze alloy. The two phase alloy, how- 
ever, was more severely attacked than 
the single phase because of its inherently 
weaker resistance to corrosion. Following 
the dissolution, a re-deposition of copper 
occurred in the same manner as dezinci- 
fication of brass. 


Conclusion 


The happy conclusion to this massive 
de-aluminization of aluminum bronze was 
the construction of subsequent drums 
from 90-10 cupro-nickel using 70-30 
cupro-nickel as the welding material. 
These drums have been in operation two 
years with no evidence of any attack. 
While the coefficient of heat transfer of 
the cupro-nickel is somewhat lower than 
that of aluminum bronze, the improved 
corrosion resistance and strength proper- 
ties make the cupro-nickel an ideal mate- 
rial of construction for this service. 

The analysis of this failure also points 
out the importance of minor impurities 
in solution frequently overlooked when 
selecting materials cf contruction. In this 
case, only 0.05 percent chloride and 0.15 
percent sulfate were the trouble makers 
in the calcium carbonate paste. 
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Cathodic Protection and Zinc Grounding 


In Industrial Plant Construction* 


By J. D. GHESQUIERE 


Introduction 


HIS PAPER covers the effect of the 

copper grounding system on the de- 
sign of a cathodic protection system for 
he underground facilities associated with 
he construction of a new industrial 
slant. It also illustrates the area in which 
t corrosion engineer can play an impor- 
ant role during the design of a major 
nstallation. 

Various authors have reported that 
vhen copper is connected to steel in soil, 
‘xcessive current is required to provide 
orotection to the steel. On previous oc- 
‘asions, it had to be noted that the asso- 
‘iation of copper increased the current 
requirements from 10 to 30 times. To 
the author’s knowledge, no explanation or 
inalysis of this unusual requirement has 
appeared in the literature. In this paper, 
an attempt will be made to analyze and 
show how these unusual currents can be 
estimated. 


Industrial Plant Facilities 

The Chrysler Corporation St. Louis 
Assembly Plant, Fenton, Missouri in- 
cludes the assembly plant proper, admin- 
istrative building, boiler house, oil and 
paint storage building, underground tank 
farm, acetylene and oxygen storage, sew- 
age oxidation lagoons, and industrial waste 
treatment plant with 2-section effluent 
lagoons. The total building area is ap- 
proximately 1,575,000 square feet. 

The underground off-site piping, which 
was provided by the utility companies, 
for domestic cold water and gas services, 
is pre-stressed concrete and steel pipe, 
respectively. The steel pipe gas main is 
under cathodic protection by the local 
gas company. High voltage electric power 
service is supplied to the plant site on 
overhead lines by the local power com- 
pany. 

Within the site area, the power com- 
pany continued the high voltage power 
service on overhead lines to the sub-sta- 
tion adjacent to the boiler house. This 
service is connected to the switchgear in- 
side of the boiler house; the low voltage 
cables are installed underground there- 
from to serve the various buildings. In 
addition to the utilities, the tank farm 
consists of eight 20,000 gallon and four 
15,000 gallon capacity miscellaneous oil 
storage tanks installed underground. The 
fire protection system, in conjunction 
with the domestic cold water system, 
comprises a 400,000 gallon elevated water 
tank and two 750,000 gallon ground suc- 
tion tanks with associated piping. The 
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Abstract 


This paper relates the problems of corrosion 
and grounding in the construction of a 
large manufacturing facility. The elimina- 
tion of copper ground rods, which cause 
galvanic corrosion problems and unusual 
cathodic protection current requirements, is 
discussed. The design considerations are re- 
viewed for a cathodic protection system in- 
stalled during the construction of this in- 
dustrial facility as well as the selection of 
zinc rods for grounding purposes. Test data 
obtained upon completion of the catho‘‘c 
protection system are presented 5.2.1 


entire plant is looped by an underground 
cast iron fire protection hydrant and 
sprinkler service main. 

Furthermore, there are also “H-Sec- 
tion” steel piles for building support as 
well as underground piping of steel and 
cast iron for water, gas, propane, oxygen, 
acetylene and oils, all of which have 
been integrated with the cathodic pro- 
tection system. 


Preliminary Survey 


Prior to the start of construction, dur- 
ing the design stages of the plant, a pre- 
liminary corrosion survey was performed 
at the site. The purpose of this survey 
was to predict whether underground cor- 
rosion would be a problem at this loca- 
tion. Soil boring data were examined, 
soil resistivity tests taken to various 
depths, pH and redox potential measure- 
ments obtained, and tests for stray cur- 
rent performed. It was found that the 
site contained a wide variation in type 
of soil due to “cut and fill” operation ia 
preparation of the site. These included 
clay, sand, silt, cinders, top soil and 
black muck. The soil resistivity measure- 
ments ranged from 900 ohm-cm to 
50,000 ohm-cm. The average resistivity 
at normal pipe depth ranged from 990 
to 8500 ohm-cm. The soil was acid in 
nature, exhibiting a pH of 5.9. The na- 
ture of the soil is such that it will not 
permit good natural drainage. General 
environments of the soil encountered are 
favorable to the growth of anerobic 
bacteria. 


Based on these measurements, and ob- 
servations, previous experience at other 
locations in the general area and review 
of the facilities to be installed, including 
the complex copper grounding system, 
it was predicted that serious underground 
corrosion problems could be expected 
at this location. Leaks in tanks and pip- 
ing were predicted to occur within 6 to 
10 years. Furthermore, corrosion mitiga- 
tive measures were recommended, includ- 
ing the application of cathodic protection 
to underground piping, underground 
tanks, bottoms of on-ground tanks and 
lead cables. 


It was advantageous to design and in- 
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stall the cathodic protection system along 
with the construction of the plant and 
plant facilities to realize additional sav- 
ings, and to co-ordinate the design from 
the corrosion standpoint to eliminate 
“built-in” corrosion problems. The neces- 
sary bonding of joints to ensure electrical 
continuity was achieved during installa- 
tion to eliminate future digging, breaking 
of concrete, etc. Rectifier power feeds, 
signal wiring and test point bonds were 
installed with the original electrical 
wiring to minimize electrical facility 
changes, additional runs, etc. 

The design requirements for the 
cathodic protection system were studied 
and determined. The type of cathodic 
protection system whether galvanic or 
impressed was determined, current den- 
sity required to provide adequate protec- 
tion, and selection was made of anode 
material and rectifier locations. One 
major item which greatly affected the 
considerations was the use of copper in 
the grounding system. 


Copper Grounding 


The proposed electrical copper ground- 
ing system for the plant consisted of the 
normal sub-station grounding mats, indi- 
vidual grounds for each motor, lighting 
panels, transformer banks, underground 
tanks, street lights, etc. The electrical 
grounding proposed consisted of 1 
inch X 10 foot copper ground rods. The 
number of rods was estimated to be over 
1,000. Also, the area of bare conductor 
interconnecting the ground rods was 
about equal to the ground rods. The total 
area of bare copper was estimated to be 
5,240 square feet. 

Electrical grounding systems are his- 
torically made from copper ground rods 
connected together by bare copper con- 
ductors. Since the primary purpose of 
the grounding system is for safety, copper 
metal has been utilized because it ex- 
hibits a long life buried in the soil. 
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CURRENT IN MILLIAMPERES 
Figure 1—Current-potential relationship. 


Copper is a very noble metal and has 
a low hydrogen over-voltage, and thus 
may cause a serious galvanic corrosion 
problem when electrically connected to 
a less noble metal. It is a common prac- 
tice in industry to tie all underground 
metallic structures into the electrical 
copper grounding system. This practice 
can result in serious corrosion activity 
on underground iron and steel pipes, 
steel tanks and lead cables. The degree of 
the corrosion due to the use of dissimilar 
metals, when electrically connected in an 
electrolyte, is dependent on a number of 
factors: 


1. The relative exposed area of the 
cathode to that of the underground 
structure (i.e., large cathode [copper] and 
small anode [underground metal] will 
promote serious corrosion activity on the 
anode). 


2. The soil resistivity surrounding the 
metals (i.e., low resistivity will allow 
large corrosion currents to flow from the 
anode to the cathode with corrosion 
occurring at the anode). 


3. The potential difference between 
the metals (i.e., the greater potential will 
tend to cause more current to flow, re- 
sulting in additional corrosion activity). 

The corrosion problem, due to con- 
nection of the copper ground to the un- 
derground metal, regardless of the soil 
resistivity and potential difference, is 
frequently greatly magnified because of 
the coating on the metal. A similar case 
is the lead sheathed cable tied into the 
copper grounding with only a few square 
inches of lead in contact with moisture in 
damp underground ducts. 

Since it has been determined that 
cathodic protection would be installed to 
minimize underground corrosion activity, 
no estimate was made of the extent of 
the corrosion effect caused by the copper. 
However, in order to provide protective 
currents to the desired structures, it is 
necessary to raise the potential of the 
copper to that of the other metals before 
any protective current will flow to these 
structures. 

In order to assess the effect of the 
copper on the cathodic protection sys- 
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tem, consideration was given to the mag- 
nitude of protective current required to 
change the potential of copper to —0.85 
volt (reference Cu/CuSo, half-cell). 

The following consideration, tests and 
observations were performed to establish 
a basis for estimating the copper steel 
couple current requirements. 


Effect of Potential Difference On 
Current Requirements 

To evaluate the effect of the potential 
difference of copper and steel on cath- 
odic protection current requirement, con- 
sider a hypothetical case employing these 
two metals. Assume equal area of cop- 
per and steel, and identical shapes in the 
same electrolyte. 

The following potentials, selected as 
usual potentials, refer to copper-copper 
sulfate half-cell: 


Steel potential = — .65 

Copper potential = —.15 

In order to provide protection, it is 
necessary to raise the potentials of both 


metals to — 0.85. Potential change re- 
quired to: 


Change Steel Change Copper 

— .85 — .85 

— .65 — .15 

.20 .70 

Ratio of voltage change is: 

70 3.5 times the voltage change is 
: = required to raise the potential 
of copper to — .85 as with steel. 
[,R. = 
I,.Re = voltage change on copper = 


AE, 


then: 


20° 


voltage on steel = A Ex 


AE, = 3.5 AEs 

Ip.Ro = 3.5 (Is) Rg 

R, = Re (for same size, shape in the 
same electrolyte). 
then: 
I, = 3.5 Is 

Therefore, for equal areas, shape and 
same electrolyte, it will require 3.5 as 
much current to obtain this change in 
voltage. 





Steel plate 
Copper rod 
Copper - Steel couple 
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Figure 2—Current-potential relationship. 


Test Performed To Confirm The 
Above Analysis 

One foot square (2 square feet area) 
of low carbon sheet steel (bare) and one 
foot square (2 square feet area) of sheet 
copper (bare) were selected for test 
specimens. Tests were performed in free 
flowing 3,000 ohm-cm water at 68 F 
using an impressed current system with 
a remote anode (150 feet). Lake St. 
Clair was selected as test location to 
eliminate chances of effects of other 
metals, stray currents, and to provide a 
large electrolyte (as compared to a small 
test in a laboratory container). 

Table 1 presents the data obtained in- 
dicating the currents required to protect 
the: 


a. Steel alone. 

b. Copper alone. 

c. Copper-steel couple (connected to- 
gether. 


The potentials recorded are negative 
with respect to CuCuSO, half-cell, and 
were obtained using a potentiometer type 
voltmeter. Figure 1 is a plot of this in- 
formation. 


From Table 1: 

Measured steel potential = - 
without current applied 

Measured copper potential = —. 
without current applied 

Potential change: 


Change Steel Change Copper 
— .85 — 85 
— 66 ie 
ae 


“a 
Ratio of voltage changes measured = 
BV _ 3 94 
19v 
15ma 


Ratio of current measured = 
4ma 


= 3.7/5 


In order to fully evaluate the cathodic 
protection current requirements of the 
copper grounding system, the dimensions 
of the ground rod must be considered. 
The resistance per square foot of area of 
pipe or rod varies considerably with the 
diameter. A small diameter pipe or rod 
will receive more current per square foot 
than a large diameter pipe to raise it to 
the same potential. 
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'ffect Of Relative Current Densities For 
Different Size Interconnected Pipes 
The propesed copper grounding sys- 

tem employed 1 inch X 10 feet copper 

rods and bare copper conductors con- 
ecting the rods, which accounts for ap- 
roximately 5,240 square feet of bare 
)pper exposed. The underground piping 
) be protected contained bare and 
vated 2, 3, 4, 5, 6, 8, 10, 12, 15 and 16 
iich pipe. 
For estimating current for relative size, 

n average size of 12 inch diameter pipe 
as selected as typical diameter of the 
iajority of the pipe, and 1 inch diame- 
sr for the size of the copper rods. 
Consider the current densities required 
yr one lineal foot of 12 inch and 1 inch 
iameter pipes, of the same material, for 
given voltage change with respect to a 
‘mote point (100 feet). 


I = total current required for one 
lineal foot 
current density in ma/sq. ft. 
area of one lineal foot of pipe 
resistance for one lineal foot of 


pipe 
i) 


012p log a 

a, = radius inch rod = 0.5 inches 
ay radius 12 inch pipe = 6.38 inches 
I. 
I, 
for the same potential: 

LR = Eke 
Chen: 

(EAR) R=" (ga) Re 

or 


iy 


plate and a ¥% inch X 6 foot copper 
clad ground rod is computed as follows: 


I=total current required for test 
sample 
i = current density in ma/sq. ft. 
A = total area of test sample 
P = plate 
r = rod 
p* — total resistance of plate? 


R 


s = 12 inches 
R,* = total resistance of 6 foot rod 


0.012 plog, D 


L a 
a = 5/16 inches 
D = 3 fect 
L = 6 feet 
EE = LA, 
i == 24, 
and for equal potential change to half- 
cell: 
LR. = ER, 
then: 


(i,A,)R, = (ipA,)R, 


i ae 
i ae 


_ (2) (9)p 


4° 1.4°12°2.54 


T 





= 798 3x2) 
(= ) (.012p togn “22 


CATHODIC PROTECTION AND ZINC GROUNDING IN INDUSTRIAL PLANT CONSTRUCTION 


__ STEEL CORE CAST 
INTREGALLY WITH ANODE 


TWO - 1.4" X 1.4" X 5' LONG 
ZINC RODS IN 6" DIAMETER 
AUGERED HOLE 


— BACKFILL, 50 GYPSUM 
50% SOIL MIXTURE 


Figure 3—Detail of zinc ground rod installation. 


TABLE 1—Numerical Values of 
Current-Potential 


Current, ma Potential, volts 
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Ratio of current required by 
one inch rod compared to 12 
inch pipe for the same poten- 
tial change due to difference 
in resistance. 
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The above considerations are based on 
the same metal. When substituting differ- 
ent metals, it will be necessary to alter 
this ratio to allow for their difference in 
potentials. 


Test Performed To Confirm The 
Above Analysis 


Additional tests were performed to 
illustrate this phenomenon. It was not 
practical to perform tests on a 12 inch 
diameter pipe; therefore, one square foot 
2 square feet area) of low carbon steel 
(bare) and a 5% inch X 6 foot copper 
ground rod were selected. The tests were 
performed in the same manner and un- 
ler the same conditions as utilized in 
illustrating the effect of the difference of 
potential of metals. 

The ratio of current density due to 
lifference in shape of a 12 inch square 


be altered for 
materials. 


Table 2 presents the data obtained 
during the field test indicating the cur- 
rent required to protect: 

a. Steel plate alone 

b. Copper rod alone 

c. Copper and steel couple 


The potentials recorded are negative 
with respect to CuCuSO, half-cell, and 
were obtained using a potentiometer type 
voltmeter. Figure 2 is a plot of this in- 
formation. 

Measured steel potential = — .66 
without current applied 

Measured copper potential = —. 
without current applied 
Potential change: 


Change Steel Change Copper 
— 85 — .85 
— .66 — .23 


Ad 62 
.62 
Ratio of change of potential = —- 


oho 
= 3.26 


* Resistance determined to actual location of 
half-cell in field test for comparison purposes, 

** Resistance at location of 5 times diagonal of 
late equals 90 percent of resistance to remote 
ocation. 


COPPER-STEEL COUPLE 


ns 
i 


oO 


Bay sss 


Sho ee 
FP OUG SOO NH Op W909O 
a cooococeo 
oosossssssssss 
ReIDIRS 

INS OOWr 


tNyw 
One 
SS 


| 


= 9,2. Ratio of 


current required to overcome difference 
in potential and resistance 


Ratio of current required due to the dif- 
ference in resistance alone 


9.2 


306 = 2.82. Determined from 
Jee 


test measurement 


151t 





CORROSION 


TABLE 2——Numerical Values of 
Current-Potential 


Current, ma Potential, volts 


COPPER ROD 
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Ratio of current required due to differ- 
ence in resistance alone 


= 2.61 


Determined by calculations 


Results of Tests 

From the analysis and field tests, it 
can be seen that for equal area and re- 
sistance under the same test conditions, 
it required as much as 3.75 times the 
current to raise the copper as steel to 
protective potentials, and is proportional 
to voltage change required for protection. 

Further, the relative current density 
for different size pipes has a definite 
effect on the current requirements for a 
given potential change. This relative den- 
sity is dependent upon the relative resist- 
ance of the structures. 


It was realized that the exact current 
densities obtained in these tests would 
not hold true for the same metals buried 
in soil. However, it is reasonable to as- 
sume the relative ratio of currents re- 
quired will be sufficiently accurate for 
estimating purposes. 


For estimating purposes, it was as- 
sumed _ the average re lative size of the 
underground pipe is 12 inches diameter 
and the copper ground is 1 inch diame- 
ter. Based upon the above computations, 
the ratio of current densities determined 


on relative resistance alone would be 
8.59. 

An “off” potential of —.65 was as- 
sumed for the steel and .23 for the 
copper ground rod. The ratio of differ- 
ence in the potential is then 2.8. 

Then the ratio of current densities for 
1 inch copper rod to 12 inch diameter 
steel pipe per square foot of area is 8.59 
times 2.8 which equals 24.1. 

It was assumed that it would require 
approximately 2 ma to raise the potential 
of 12 inch diameter steel in soil from 

-.65 to 0.85 volts. Utilizing the above 
factor of 24.1 and 2 ma current density 
to protect bare steel, the current required 
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for the copper alone is estimated to be 
2 ma X 24.1 & 5240 square of copper 
equals 253 amperes. It should be noted 
this figure is an estimate to approximate 
the magnitude of current required. The 
magnitude of the estimate becomes very 
significant when compared to the current 
estimated’ required to protect the under- 
ground metal in need of protection, 
which was estimated at 200 amperes. 
Should the copper system be installed in 
this particular case, over 50 percent of 
the current would fiow to the copper 
which does not require protection. 


It was obvious the cost of initial 
stallation, maintenance and power due to 
the copper greatly increased the cost of 
cathodic protection at this location. 


Elimination Of Copper 


Various considerations were made to 
overcome the adverse effect of the cop- 
per, which included: 


1. Elimination of the grounding sys- 
tem. 


2. Isolation of the copper grounding 
system, and the metals to be protected. 


3. Substitution of a less noble metal 
for the copper. 


A brief review of each of the above 
means is in order at this point before 
consideration of the solution selected 
for this design. 


1. Elimination of the grounding sys- 
tem. This is not possible since the elec- 
trical grounding is required for personnel 
safety, and to protect equipment from 
hazards of higher voltages.® 


2. Isolation of copper grounding sys- 
tem. Copper grounding systems have 
been successfully isolated from structures 
to be protected. This has been accom- 
plished on individual pipe lines, pipe 
type cables and isolated runs of lead 
covered cables, guy lines for overhead 
lines, etc. 4° The isolation of the 
grounding system requires the use of cer- 
tain low resistance insulating devices to 
provide paths for AC electrical fault 
currents. This method is limited to un- 
derground facilities which are not com- 
plex and interconnected at hundreds of 
locations. It is not considered practical 
or possible to employ this technique with 
a complex grounding system such as re- 
quired for an industrial plant. 


3. Substitution of a less noble metal 
for copper. Steel plates, galvanized steel 
rods and zinc ground rods have been re- 
ported to be successfully employed in 
the _ of copper for grounds.*: ®) ® 7; 8 
The National Electric Code* permits the 
use of both ferrous and non-ferrous 
metals for grounding purposes. The im- 
portant factor to keep in mind when 
selecting metals for grounding is that the 
life of these metals buried in the ground 
is very important to ensure the safety 
offered by the grounding system is main- 
tained. Cathodic protection has been 
employed to extend the life of steel or 
iron when used for grounding. 
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Selection Of Substitute Metal 


The selection of an alternate metal 
for use in the electrical grounding sys- 
tems was made to eliminate the excessive 
cathodic protection currents required by 
the copper. The various materials con- 
sidered will not be covered here; how. 
ever, the following items were para 
mount in the selection of the materials 


1. Long life in underground applica- 
tion. 


2. Minimum demand upon cathodi: 
protection system. 


3. Cost. 
4. Ease of installation. 


5. Means of providing electrical con- 
nection to metal and insuring permanent 
connections. 


The zinc ground rod was selected to 
replace the copper in the grounding sys- 
tem. Figure 3 is a detail of the typical 
zinc ground rod installation. The anodes 
are tied into the ground grid by use of 
insulated cables to eliminate exposed 
copper on the cable. The size selected 
was sufficient to provide the same resist- 
ance to ground as a 1 inch X 10 foot 
copper ground and its associated bare 
copper conductor. The life of the zinc 
anode, based on the American Zinc In- 
stitute? information, is in excess of 40 
years without cathodic protection. The 
life will be materially increased by the 
application of cathodic protection to un- 
derground structures, since cathodic pro- 
tection will greatly reduce the difference 
of potential between the zinc and other 
underground metals. 


It is felt the choice of this material as 
a substitute for copper offers the follow- 
ing advantages and disadvantages: 


Advantages: 


a. Ease to design long life into the an- 
ode for soil application. 


b. No demand on the cathodic protec- 
tion system. 


. Anode will supply its own protection 
to pies connection to minimize connec- 
tor problems. 


Disadvantages: 


a. Zinc anodes could not be driven 
into ground, and required separate au- 
gered holes for installation. 


b. Zinc anodes were not available 
10 foot lengths, and required splicing two 
5 foot anodes together. 


c. In order to obtain most beneficial 
results, a special backfill was required 
around the anode. 


The cathodic protection system was 
subsequently designed and installed with 
a total design current of 200 amperes. 
The cathodic protection system consists 
of three rectifiers and ground beds located 
at three spots selected around the plant. 
This provides cathodic protection to: 


1. Bottom of the on-ground tanks, etc. 
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2. Underground tanks and associated 
piping. 

3. Oxygen lines. 

4. Acetylene lines. 

5. Gas main. 

6. Water main. 


7. Underground cast iron fire and 
sprinkler main (joints of main were 
|.onded during installation). 


8. The building “H” piles were not 
; rovided cathodic protection. However, 
some small degree of protection is real- 
ed by bonds into the cathodic protec- 
ion system and zinc ground electrodes. 


The average “on” potential obtained at 
cations remote to the cathodic protec- 
ion ground bed was — 0.93 volt with a 
otal of 184 amperes flowing from the 
ihree rectifiers. 


Conclusions 


1. The copper grounding system effect 
must be considered in the design of cath- 
odic protection. 


2. Current requirements to raise the 
potential of the copper must be consid- 
ered for the difference in potential it ex- 
hibits, and the resistance of the copper 
electrode compared to the structures to 
be protected. 


3. Due to the possible serious corro- 
sion problems caused by the copper 
grounding systems, consideration should 
be given to its effects in the design of 
any new facility. ; 

© 

4. The corrosion engineer can play an 
important role in co-ordination of elec- 
trical and mechanical designs. He can 
minimize corrosion by elimination of 
“built-in” corrosion problems, and reduce 
the cost of corrosion control measures. 


CATHODIC PROTECTION AND ZINC GROUNDING IN INDUSTRIAL PLANT CONSTRUCTION 
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A. E. Schuh 


U. S. Steel Corp., National Tube Div. 
Raymond C. Bowden, Jr 


United States Steel Corp., Applied 
Research Laboratory 
Cc. P. Larrabee 


Universal Oil Products Co 
Eugene M. Matson 


Visco Products Co., Inc. 
D. M. Jacks 


Western Kentucky Gas Co. 
J. L. Bugg 


Western Natural Gas Co. 
Paul C. Wright, Jr. 


Wheeling Steel Corperation 
Henry A. Stobbs 


T. D. Williamson, Inc. 
T. D. Williamson, Jr. 


Wisconsin Protective Coating Co. 
Francis J. Ploederl 


Wolverine Tube Division of 
Calumet & Hecla, Inc. 
John M. Keyés 


Worthington Corp. 
W. M. Spear 


Wright Chemical Corp. 
Paul G. Bird 


Wyandotte Chem. Corp. 
L. W. Gleekman 


Youngstown Sheet & Tube Co., The 
Karl L. Fetters 






















































































































CORROSION—-NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


Also Available 


STRESS CORROSION 
CRACKING 


Fifteen articles from CORROSION 
on various aspects of high tem- 
perature, and ambient tempera- 
ture sulfide stress corrosion 


cracking. 


Per Copy 


ASTM-NACE Report 
* 


STRESS-CORROSION 
CRACKING OF 
AUSTENITIC 
CHROMIUM - NICKEL 
STAINLESS STEELS 


* 


ASTM Special Technical 
Publication No. 264 
* 


Remittances must accompany all 
orders for literature the aggre- 
gate cost of which is less than 
$5. Orders of value greater than 
$5 will be invoiced if requested. 
Send orders to National Associa- 
tion of Corrosion Engineers, 1061 
M & M Bidg., Houston, Texas. 
Add 65c per package to the 
prices given above for Book Post 
Registry to all addresses outside 
the United States, Canada and 
Mexico. 


A report sponsored jointly by the American Society 
for Testing Materials Committee A-10 on Iron- 
Chromium, Iron-Nickel and Related Alloys and 
NACE Unit Committee T-5E on Stress-Corrosion 
Cracking of Austenitic Stainless Steels. The 92-page, 
8144x11 inch booklet is divided into two parts. Part I 
consists of a review and discussion of 129 case his- 
tories from 25 sources experiencing stress-corrosion 
cracking of austenitic stainless steels. Part II covers 
information on current research activity and a re- 
view of present knowledge of the basic mechanism. 

There is a comprehensive bibliography and ab- 


stracts covering years 1935-59. 


NACE, ASTM Members, per copy $4.80 
Non-Members, per copy 


NATIONAL ASSOCIATION of CORROSION ENGINEERS 
1061 M & M Bldg. Houston 2, Texas 


















WHEN YOU APPLY 





1. Unexcelled corrosion resistance 
CATHODIC P ROTECTION 2. Good electrical properties 
3. No current density limitations 
4. Easy to install 
TO UNDERGROUND 9. Long service life 
6. No backfill required 
STRUCTURES, INSIST 
a Install DURIRON anodes in all ground bed en- 
. vironments with complete confidence. At river 
R ings, i hlands, h back- 
: UPON DURIRON Alice. i: Seepenesicad se anmelingiaahe A 
orf ll oth d ials. 
- | Where backfilling is perfect, DURIRON per. 
of forms exactly as any other anode material, and 
de acts merely as the conducting rod. 


S 
a 


NARY AS ES For the complete cathodic protection of pipe- 

( lines, well casings, gathering lines, storage 
tanks, drilling rigs, communication cables, and 
similar systems, standardize on DURIRON. 


ty eee DURIRON IS JUST For details, write for Durco Bulletin DA 6. 
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STOCK DURCO ANODE SIZES 
on 5 
Type Area Weight General 
e, Anode Size Sq. Ft (Lbs.) Application 
') AND IN THE REALLY reat ee 
is- 1%” x 60” Ground Bed 
TOUGH CASES eee 
7 Pas fee oa 
Salt Water 

m. 

awe 


2 ‘ 
” E 
“Applicable also in fresh water service. Should not be used in ground 
beds without backfill. 


a | 
HE DURIRON COMPANY, INC. / DAYTON 1, OHIO 1 


$36 worth of Corban helped oil producer 
save more than $3000 in six months 


Here is a story that shows how the effective low- 
cost corrosion protection offered by Corban® helped 
reduce costs and increase net profits for an oil 
producer. The well was a pumper in Wayne County, 
Illinois. The operator was plagued with corrosion- 
caused sucker rod breakage. Sixteen rod partings 
had occurred in less than eleven months, including 
rods in a new string which had been in the well 
about two months. Service costs alone for the fish- 
ing and rod-pulling jobs totaled $1020. This did 
not include downtime or rod replacement costs. 

Dowell recommended treating with Corban 207. 
Material cost was only $5.40 per month. 


At last report, $36 worth of Corban had been 
used, and there had been no rod failures for six 
months. Based on past experience, the operator 
estimated that the $36 worth of Corban had saved 
him more than $3000. 

If you have a corrosion problem, call your 
Dowell representative. He will help you develop an 
effective, low-cost treatment program designed to 
reduce operating costs and increase profits. Dowell 
services and products are offered from more than 
150 offices and stations in the United States, Can- 
ada, Venezuela, Argentina, Germany, France and 
the Sahara area. Dowell, Tulsa 1, Oklahoma. 


PRODUCTS FOR THE OIL INDUSTRY 


DIVISION OF THE DOW CHEMICAL COMPANY 
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